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MEMORANDUM -
, COMPLETER JUN 3 2000

~To: - Division File NDA 21-190

. L Wi Py
From: Hong Zhao / Raman Baweja -k /,,/ COJN g2 e
Date: . June 12, 2000
Re:- l_)issdl'utib'li Specification for BuSpar® (Buspirone HC) Capsules

" A meeting was held between OCPB review team (Dr. Baweja and Dr. Zhao) and
- Chemistry review team (Dr. Seevers and Dr. Rocca) on June 6, 2000 to discuss
dissolution specification issue for NDA 21-190, BuSpar® (Buspirone HCI) Capsules.

The OCPB review by Dr. Parmalee recommended dissolution specification to be Q not
less than - - based on dissolution data from biobatches. Dr. Rocca
presents the stability data which indicate that the capsule drug product would fail the —
— specification after 3 months of storageand for some production.batches would
fail the spec1ﬁcauon even at the zero txme of storage. T

Based on the fact that the biobatches of capsule formulation and tablet formulation,
which showed comparable bioavailability, have the same — and similar
dissolution performance —_— .. the dissolution specification
for BuSpar capsule product is recommended as not less than 80% in 30 minutes,
which is the same as what the firm proposes and is also the same as the specnﬁcatlon for
the corresponding tablet dosage form (NDA 18-731). '

: Please convey this recommendation to the sponsor~.»~

CC: NDA 21-190
HFD-120/Rseevers
HFD-120/LRocca
HFD-120/AHomonnay

) HFD-860/MMehta

: HFD-860/RBaweja.
HFD-860/HZhao
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NDA: 21- 190 —
Buspar (buspirone HCI) § mg, 7.5 mg, 10 mg, and 15 mg capsules
Bristol-Myers Squibb ,

Submission Date: September 23, 1999

Reviewer: Thomas A. Parmelee, Pharm.D. - —

Type of Submxssxon NDA for a new capsule formulatmn of buspxrone HCl
'SYNOPSIS o e

Buspar (buspirone HCI) is an antianxiety drug that is chemically and pharmacologlcally
different than the benzodiazepines, barbiturates, and other sedative/anxiolytic agents:
Buspirone HCl is currently marketed (under NDA 18-731) as 5mg and 10mg Buspar _
tablets and 15mg Dividose tablets. The sponsor has submitted an NDA for the approval
- of a new capsule formulation of buspirone HCI.
.Secﬁon-6 (Human Pharmacokinetics and Bioavailability)“of the current NDA
submission contains three (3) clinical pharmacology/biopharmaceutics studies. The
‘comparative studies used the highest strength (15mg) buspirone capsule planned for - -
marketing, and the currently marketed buspirone Dividose tablets (15mg) as the .
reference. According to the Orange Book, the 15mg tablet was the clinically studied
strength used to show safety and efficacy for approval of the tablet formulation of

CBuspar. | —

The sponsor has adequately investigated the comparanve pharmacokmeucs of Buspar

Capsules 15mg using the currently approved Buspar Dividose tablet 15mg as the

~ reference. The comparative oral bicavailability of buspirone between the capsule and
~ tablet formulations has been examined using the stable isotope technique. The sponsor
has also submitted the results of a preliminary study (CN101- 128) that confirm that an
isotope effect is not observed in the pharmacokinetics of stable labeled [13C,
15N2]buspirone compared to unlabeled compound. Finally, the sponsor has examined
the comparative food effects on the capsule and tablet formulations of buspirone HCI.

- For all studies, pharmacokinetic analysis was performed on both the parent buspirone
compound and its active metabolite, 1-pyrimidinylpiperazine (1-PP). The sponsor has

- referenced the FDA Guidance for Industry entitled: “Buspirone Hydrochloride Tablets

~ In Vivo Bioequivalence and In Vitro Dissolution Testing”. This guidance is attached to
this review as Appendix 1. Upon review of the data from the three BE studies, the
dissolution data for all proposed capsule strengths, and the proposed labeling, the
Office of Clinical Pharmacology and Biopharmaceutics finds the NDA to be
approvable. Study summaries are attached to this review as Appendix 2.



—— RECOMMENDATION

* The sponsor’s NDA 21-190 meets the biopharmaceutics requirements and is acceptable
provided the comments regarding product dissolution and labeling, are adequately
addressed by the sponsor.
TABLE OF CONTENTS
Background/Summary of BIO/PK

‘Summary of Drug Productjbissoluﬁon ,

——

Request for Waiver/General Comments

: Labeling Comments

: AMJ

Guidance for Industry ‘Buspirone Hydrochloride
Tablets In Vivo Bioequivalence and In Vitro

_ Dissolution Testing

CN101-128  Bioequivalence between unlabeled and stable-

CN101-126

B CN101-127

labeled buspirone hydrochloride solutions when
administered orally."

The comparative oral bioavailability of 15mg . .
buspirone capsules and Buspar Dividose 15mg
tablets using the stable label technique in h&lthy
subjects.”

Food effect study of buspirone tablets, capsules,

and capsule contents in healthy subjects.

Compositions, In vitro dissolution datajables,’ '
graphs, and calculated similarity factors (f2).-

Proposed product labeling and revisions for Buspar
Capsules. -

Journal article: “Effects of verapamil and diltiazem

- on the pharmacokinetics and pharmacodynamics of

buspirone”.

Page #

21

22

75

89




BACKGROUND
Buspirone hydrochlonde is a white crystallme, water-soluble compound with a
molecular weight of 422.0. . Chemically, >uspirone HCI is 8-[4-[4- (2-pyrimidinyl)-1-

piper-azinyl]butyl]-8-azaspirol{4.5)decane-7,9-dione monohydrochloride. The
-structural formula is: _ -~

Buspirone is currently suppliéd as tablets (Buspar) for oral administration contammg 5,

‘10, or 15mg buspirone HCI (equivalent to 4.6, 9.1, and 13.7mg of buspirone free base,

respectively). It is indicated for the treatment of generalized anxiety disorder. The

sponsor wishes to market a new capsule formulation of buspirone HCL. The sponsor

believes that a new capsule formulation of buspirone HCl may improve patient

compliance as well as offer a2 more convenient alternative for dosage administration.
BIL ARMA(

L BIOAVAILABILITY

a) onequxvaIence

The Buspar 15mg capsules were found to be bioequivalent to Buspar 15mg tablets

(Study CN101-126).

b) Food Effects e
Study CN101-127 examined the relative effects of a lugh fat meal on the rate and
extent of absorption of buspirone from the tablet and capsule formulation, as well as
from the capsule contents emptied and mixed with applesauce. A high fat meal
increased the Cmax of buspirone from the capsule formulation approximately 17%
compared to the fasted state. The AUC (inf) of buspirone under fed conditions
" increased approximately 2-fold relative to the fasted state for the capsule formulation.
For the active metabolite 1-PP from the capsule formulation, the Cmax decreased 32%
under fed conditions while the AUC (inf) was not significantly affected.



The capsule administered under fed conditions was also compared to the reference
tablet administered under fed conditions. There was a 20% decrease in Cmax of
- buspirone when the capsule was administered under fed conditions compared to the
reference tablet administered under fed condition. AUC (inf) was not affected. There
was no significant difference in 1-PP pharmacokinetics between the capsule formulation
and tablet formulation under fed conditions.

The sponsor also examined the effects of opening the contents of the buspirone
capsule and mixing with applesauce and administering under fed conditions. Relative
to the administration of intact capsule under fed conditions, the pharmacokinetic
parameters for the open capsule contents Cmax and AUC (inf) increased by 19% and
- 12%, respectively. There was no significant effect on 1-PP levels between the intact

capsule administered under fed conditions relative to the capsule contents emptied and
mixed with applesauce under fed conditions. .

- —Finally, the comparison was made between the intact capsule formulation

- administered under fasting conditions relative to the capsule contents mixed with
applesauce and administered under fed conditions. Relative to the fasting state, the
capsule contents under fed conditions resulted in increases of 40% and 100% for the

. parameters Cmax and AUC (inf), respectively. The Cmax for 1-PP decreased 34% for
the capsule contents while the AUC (inf) did not differ significantly between the two
treatments.

SUMMARY OF DRUG PRODUCT
. - FORMULATIONS
- According to the sponsor, the qualitative and quantitative composition of Buspar
Capsules is exactly the same as the currently approved and marketed Buspar Tablets
- (NDA 18-731). The formulations for each capsule strength are shown in Appendix 3
~ and are compositionally proportional between strengths. Buspar Capsules S, 7.5, 10, -
and 15Smg are prepared from  — . thatis filled into capsules of the
~ appropriate weight. Only the net weight of the different strength capsules will vary.
* No changes in the source or manufacturing process of the bulk substance are proposed
for the capsule buspirone formulation compared to the tablet formulation.

Il DISSOLUTION

- The sponsor has subrmtted dissolution proﬁles from twelve (12) individual units of both
~ product (capsule and tablet) formulations and of all strengths to be marketed/currently
marketed. For the 15mg capsules and tablets, data from biobatches has been submitted.
This information is attached as Appendix 3. The sponsor proposes the following:
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‘were measured in human plasma using

Method-  USP Apparatus 2 (paddle), SO rpm, 500 mL 0.01 N HCI a1 37°C ~

Q_sng;- Q not less than 80% in 30 minutes

The speclficatxon proposed by the sponsor is the same as the currently approved USP
specification for Buspar Tablets. Based on the data and dissolution profiles submitted
by the sponsor, the Office of Clinical Pharmacology and Biopharmaceutics recommends
that the specification be amended to Q not less than  —— * using the above
mentioned method, apparatus, and medium.

IV. ASSAY

Concentrations of buspirone and its active metabolite, 1-pyrimidinylpiperazine (1-PP),
, method with
Overall, the assay methodology and validation

were found to be acceptaf)leh

V. . REQUEST FOR WAIVER

The sponsor has requested a waiver, as described in 21 CFR 320.22, for submlttmg
evidence demonstrating the bioequivalence of Buspar (buspirone HCI) Smg, 7.5mg, and
10mg capsules. The bioequivalence studies submitted to this NDA were performed on
the highest strength (15mg) capsule intended for marketing. The sponsor states that the

Buspar capsules Smg, 7.5mg , and 10mg are prepared from S with

the only difference in capsule strengths being the filled capsule weights. The capsule
formulations are compositionally proportional between strengths. The sponsor has
compared the average dissolution profiles for the 5, 10, and 15mg strength capsules to the

Buspar 5, 10, and 15mg strength tablets manufactured at the same facility. The 15Smg .

tablet batch used for dissolution testing was the same as the batch used in the bio-studies

~_CN101-126 and CN101-127. - Similarity factors (£2) were calculated for each strength

capsule compared to the reference strength tablets. Similarity factors (£2) were greater ~
than 50 in each of the comparisons. Please refer to Appendix 3 for capsule composmon,

dissolution data and proﬁles

GENERAL COMMENTS (for the Clinical Division)

1) The proposed dissolution specification of Q not less than 80% in 30 minutes is not
acceptable based on the dissolution profiles submitted to the Office of Clinical
Pharmacology and Biopharmaceutics. The capsule is rapidly dissolving \ —

— ., and the dissolution profiles show a
plateau is reached within — minutes. OCPB recommends the following dissolution
methodology and specification:
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* Method- USP Apparatus 2 (paddle), 50 rpm, 500 mL of 0.01 N-HCl at 37 C
Spec- Q not less than B

' 2) The request for waiver for bloeqmvalence testing on the 5, 7. 5 and 10mg strength .
capsules is granted because bioequivalency has been shown between the capsuleand —~ —
tablet at the highest strength of 15mg, and based on the proportional similarity of

qualitative and quantitative composition between capsule strengths. Also, similar

dissolution profiles have been shown for each capsule strength.

LABELING COMMENTS

Appendix 4 contains the currently proposed sponsor labeling with proposed revisions.
The final product labeling for Buspar capsules should resemble the currently approved -
labeling for Buspar tablets with the following recommended additions:

1) Under the Clinical Pharmacology Section of the Labeling: .

The effects a high-fat meal on the bioavailability of Buspar Capsules
have been studied in 40 healthy subjects who were given a single-dose of 30-
mg buspirone with and without food. With food, the area under the plasma
concentration-time curve (AUC) and peak plasma concentration (Cmax) of
buspirone increased by 84% and 17%, respectively. The Cmax — : —
1-pyrimidinylpiperazine (1-PP) decreased 33% when '
buspirone was admimstered with food, wlnle the AUC did not dlffer
significantly.
When the capsule was opened and its contents administered in l oz
of applesauce following a meal, the AUC and Cmax of buspirone increased
by 12% and 19%, respectively, compared to the intact capsule followmg a
meal. 1-PP levels did not differ between treatments.
When the capsule was opened and its contents administered in 1 oz
‘of applesauce following a meal, the AUC and Cmax of buspirone increased -

by — ' mpectively, compared to the intact capsule-

—

PRSI

2) For the new Buspar labeling for Capsules, the sponsor should keep the
statement regarding the effect of food on the Tablets intact. This

paragraphis: ]
~
/

3) Under Drug Interaction Section of the Labeling (see Appendix 5): S
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Diltiazem and Vempaml. In a study in 9 healthy vol\mteers, co-
administration of Buspar |~

RECOMMENDATIONS - v -—

NDA 21-190 meets the Office of Clinical Pharmacology and Biopharmaceutics - -
requirements and is approvable provided the dissolution specifications and product B
labelmg are amended as recommended above.

7~ —

‘ S Thomas A. Parmelee’,' arm.D.
N Y i
RD/FT by R. Baw.eja Ph.D. - l’%" . ., />//7/99

T
-~ OCPB briefing held: December 16, 1999
(Attendees: Mehul Mehta, Arzu Selen, Raman Baweja and Tom Parmelee)

CC: NDA 21-190, HFD-120, HFD-860 (Mehta Baweja Parmelee), CDER document
“room: Attn. BIOPHARM- CDR

Qo7
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Guidance for Industry

: Busplrone HydrochlorldeTablets In
Vivo Bloequlvalence and In Vltro
DlssolutlonTestmg T

-U.S. Department of Health and Human Services
Food and Drug Administration

- — Center for Drug Evaluatxon and Research (CDER)
T May 1998
' ) BP 4, Rev. 1.
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‘Guidance for Industry
Busplrone Hydrochloride Tablets In
Vivo Bioequivalence and In Vltro -
Dlssolutmn T esting .

- Additional bopies are available from:

— Office of Training and Communications
Division of Communications Management A
" Drug Information Branch, HFD-210 ‘
’ 5600 Fishers Lane '
Rockville, MD 20857

-—  (Tel) 301-827-4573
(Intemet) http.//www Jfda gov/cder/guidance/index.htm

U S Department of Health and Human Services
Food and Drug Administration
-> Center for Drug Evaluation and Research (CDER)
, May 1998
BP 4, Rev.1
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GUIDANCE FOR INDUSTRY‘ -

_ Busplrone Hydrochloride Tablets In VIVO Bioequivalence and in -
o Vitro Dissolution Testing N - -

L INTRODUCTION

This is revision 1 of the guidance for industry on in vivo bioequivalence and in vitro dissolution -

~ testing for buspirone hydrohloride tablets. The guidance has been revised to reflect the recent
availability of buspirone hydrochloride tablets in 15 milligram (mg) dosage forms. Bioequivalence
is tested using the highest available dosage of the reference listed drug. The guidance also notes
the nonlinearity of buspirone at multiple-dosing.

Al Clinical Usage/Pharmacology -

" Buspirone hydrochloride is an antianxiety agent (1, 2). Clinically it is effective in the
management of anxiety disorders or short-term relief of symptoms of anxiety. Buspirone
has no anticonvulsant or muscle relaxant activity and has little sedative effect. Itdoesnot
substantially affect psychomotor function (3, 4). There is no evidence that the drug causes
either physical or psychological dependence (5). The mechanism of action of buspironé is

-not known. Some in vitro preclinical studies indicate that buspirone has high affinity for
serotonin (5-HT,,) receptors, and moderate affinity for brain D, receptors (5-9).

For the management of anxiety disorders, the usual initial adult dosage of buspirone is 10
1o 15 milligrams (mg) daily, usually in two or three divided doses. Dosage is increased as

. <

! This guidance has been prepared by the Biopharmaceutical Coordinating Committee in the Center for Drug
- Evaluation and Research (CDER) at the Food and Drug Administration. This guidance document represents the Agency’s
. .. current thinking on buspirone hydrochloride tsblets in vivo bioequivalence and in vitro dissolution testing. It does not create
- or confer any rights for or on any person and does not operate to bind FDA or the public. An alternative approach may be
wedlfnnhapptmdxansﬁaﬂxqumoﬂhelpphablesnnne.regulanom,orboth.Addiuomleopmofthlshﬁ
documnent are available from the Drug Information Branch, Division of Communications Management, HFD-210,
ST $600 Fishers Lane, Rockville, MD 20857, (Tel) 301-827-4573. '
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necessary in increments of 5 mg daily to achieve an optimal therapeutic response. The
maxngm daily dose should not exceed 60 mg per day (5). B
Buspirone is currently marketed by Bristol-Myers Squibb Company under the trade name
Buspar in scored oral tablets of 5 =, 10 mg, and 15 mg.

B.  Chemistry L | e

Buspirone hydrochloride is a white crystalline powder soluble in water, with a molecular
weight of 422. The chemical structure of buspirone is shown below:

" C. Pharmacokinetics

Buspirone is rapidly and almost completely absorbed from the gastrointestinal (GI) tract.

- The drug undergoes extensive first-pass metabolism, with about 4 percent of a dose -
reaching the systemic circulation unchanged following oral administration (10,11).
Following-oral administration of a single dose of 20 mg in healthy volunteers, peak plasma
buspirone concentrations of 1 to 6 nanograms (ng)/mL have been observed to occur
within 40 to 90 minutes (5,12). Plasma concentrations of unchanged buspirone are low

- and exhibit substantial interindividual variation with oral administration of the drug (13).
Approximately 95 percent of buspirone is bound to plasma proteins (14).

Buspirone is rapidly metabolized by oxidation to produce several hydroxylated derivatives
and a pharmacologically active metabolite, 1- -pyrimidinylpiperazine (10,15). Because of .
rapid metabolism, less than 1 percent of the parent drug is excreted unchanged in the urine
(10). The pharmacologically active metabolite has about 20 to 25 percent of anxiolytic
activity of buspirone. In humans, blood concentrations of the active metabolite (1-PP)

~ remain low even after chronic administration of buspxrone The contribution of 1-PP to

the pharmaeologle andlor toxic effect thus remams to be fully elucidated.”



The average elimination half-life of unchanged buspirone after single doses of 10 to 40 mg

* is reported to be two to three hours (5). Buspirone exhibits linear kinetics following _
administration of single 10 to 40 mg doses (16). At hxgher doses given as multiple dosing,

a nonlinear kinetic also was observed. However, it is unknown at what dose the
nonlinearity starts. Although food increases the bioavailability of bu5p1rone by decreasing
first pass mctabolism, the total amount of drug (changed and unchanged) in plasma i is not
affected (17,18).

IN VIVO BIOEQUIVALENCE STUDIES *

A. Product lnformahon e

l. FDA-designated reference product: BuSpar (antol-Myers Sqmbb) 15-mg
tablets.

2. Batchsize: The test batch or lot should be manufactured under production

~ conditions and be of a size at least 10 percent that of the largest lot planned

for full production or a minimum of 100,000 units, whichever is larger.

3. Potency: The assayed potency of the reference product should not differ
' ~ from that of the test product by more than S percent.

-~ B. Types of Studies Recommended o

1. Aﬁngle—dose, randomized, fasting, two-treatment crossover study under
fasting conditions comparing equal doses of the test and reference
products.

2. A single-dose, randomized, three-treatment, three-period, six-sequence,

- crossover, limited-food-effects study comparing equal doses of the test and

reference products when administered immediately following a standard

C. Recommended Protocol for Conducting a Smgle-Dose Bioequivalence Study
under Fasnng Conditions

Objective: To compare the rate and extent of absorption of a generic formulation
with that of a reference formulation when given in equal doses.

’Th.m&misadvbedthnninvesﬁpﬁmnlnewdmgappﬁaﬁmmyberequiredifdnsinglevelse:weeddmse

' recommended in the official labeling. Please refer to 21 CFR 312.2, 32031(bX1).
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Design: A smgle-dose, randoxmnd, two-penod, two-trwtment, two-sequence
crossover study using a sufficient number of subjects to ensure adequate statistical
results and with one week washout period between phases I and I, or a single-

" dose, randomized, fasting, two-treatment, four-period, four-sequence replicate

design crossover study in fasting subjects with one week washout period between
phases of dosing. Equal numbers of subjects should be randomly assigned to the
dosing sequences. Before the study begins, the proposed protocols should be
approved by an institutional review board.

Faczlme: The clinical and analytical laboratories used for the study should be
4dcnnﬁed along thh the names, utls, and cmnculum vitae of the medical,

Subjects: The sponsor should enroll a number of subjects sufficient to ensure
- adequate statistical resuits. Subjects should be healthy volunteers, 18 to 50 years
in age, and within 10 percent of ideal body weight for height and build
-——= (Metropolitan Life Insurance Company Statistical Bulletin, 1983). Subjects should

-~ - be selected on the basis of acceptable medical history, physical examination, and
clinical laboratory test results. Subjects with any current or past medical condition
that might significantly affect their pharmacokinetic or pharmacodynamic response
to the administered drug should be excluded from the study. Written, informed
consent must be obtained from all study subjects before they a.maccepted into the
studies.?

Procedures Following an overnight fast of at least 10 hours, subjects should be

- administered a single dose (2 x 15 mg tablets) of the test or reference product with.
240 mL of water. ‘ -

- Restrictions: Study participants should observe the following restrictions:

1. Water may be allowed except for one hour before and after drug -
administration when no liquid should be permitted other than that needed
. .for drug dosing. :

<

2. " Subjects should fast for at least four hours after administration of the test
or reference treatment. All meals should be standardized during the study.

3. No alcohol or xanthine-containing foods or beverages should be consumed
for 48 hours prior to dosing and until after the last blood sample is
 collected. —

3pjease refer to 21 CFR 50.
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4. Subjects should take no prescription medications beginning two weeks and

no over-the counter medications beginning one week before drug
administration and until after the study is completed.

Blood Sampling: Venous blood samples should be collected predose (0 hours)
and at 0.25, 0.5, 0.75, 1.0, 1.5, 2.0,-2.5,-3.0, 4.0, 6.0, 7.0, 8.0, 12, and 24 hours
postdose. Plasma should be separated promptly and immediately frozen until
assayed. Following a washout period of at least one week, subjects should begin —
the second phase of the study.

Analytical Methods: Buspirone and its active metabolite, 1-pyrimidinylpiperazine

(1-PP), should be assayed using a suitable method fully" validated with. respectio. .

adequate sensitivity, specificity, linearity, recovery, and accuracy and precision
(both within and between days). Stability of the samples under frozen conditions,
at room temperature, and during freeze-thaw cycles, if appropriate, should be

determined. Chromatograms of the analysis of the unknown samples, including-all

- associated standard curve and quality control chromatograms, should be submitted

" for one-fifth of the subjects, chosen at random. The sponsor should justify the
rejection of any analytical data and provide a rationale for selection of the reported
values. Successful completion of the studies described in this guidance is
dependent on the use of an assay with a sufficient level of sensmvny to measure
both buspirone and its active metabolite.

._S'tétistical Analysis of Pharmacokinetic Data (Plasma): See Division of
Bioequivalence guidance, Statistical Procedures for Bioequivalence Studies Using
aStandard -Two-Treatment Crossover Design or Replicated Treatment Designs.

Clinical Report and Adverse Reactions: Subject medical histories, physical

examination reports, and all incidents of possible adverse reactions to the study_
formulations should be reported.

anxted—Food-Eﬂ'ects Study

A hmned-food-eﬁ'ects study should be performed in the same manner as the smgle-
dose fastmg study, with the following exceptions:

e

Procedures: Equal numbers of subjects should be assigned to each of the six.

~ dosing sequences possible in a three-treatment, three-period study design. Each

sub)ect will receive the following treatments:

B R - e e e e T — eizan
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Treatment 1: Genenc product, bus_.ptrone HCl 2x ls-mg tablets) administered
aftera standard breakfast! .
Treatment 2: Reference product (BuSpar), (2 x lS-mg tablets) adn:umstered after
a standard breakfast.

condmons

Following a ten-hour fast, subjects receiving treatments 1 and 2 should be served a
standard breakfast. The subjects should have thirty minutes to finish the entire
breakfast, then be immediately dosed with 2 x lSsmgtablets of the test or
reference product with 240 mL of Water. Subjects receiving Treatment 3 should -
be dosed with 2 x 15-mg tablets of the test product with 240 mL of water only.
The same lots ofthetstandrefermceproductsusedmthesmdy\mderfasnng
conditions should be used in the food study. No other food should be allowed for
at least four hours postdose. Water may be allowed after the first hour. Subjects
should be served scheduled standardized meals throughout the study.

Statistical Analysis: In general, a comparable food effect will be assumed

provided the AUC, 1, AUC,_, and C_,, mean values for the test product differ no
more than 20 percent from the respective mean values obtained for the reference
product in this study.

Retention of Samples: The laboratory conducting the bioequivalence tests should
retain an appropriately identified reserve sample of the test product and the
reference standard used to perform the in vivo bioequivalence study for approval
of the application. Each reserve sample should consist of at least 200 dosage
units. For more information please refer to 21 CFR 320.32.

s

eonsxstmgof

* Thirty minutes before drug administration, ea:h subject should consume a standardized, high fat content meal

Onebuttaed&gluhMuﬁn ' ‘
One fried egg - - o
.7 One slice of American cheese '
One slice of Canadian bacon - . ' _
"~ One serving of hash brown potatoes _ | S - -
Eight fluid oz (240 mL) of whole milk .
Sxxﬂmdoz(l%bml.)ofmme)mee

_ ’F«M@mmm&weﬁnaﬂyfumﬂmnwmhmformdusu'y
Food-Effect Bioavailability and Bioeguivience (draft, 10/1997), once it bas been finalized. -

_ 6

"~ Treatment 3: Generic product, 2x lS-mg tablets) adtmmstered under fasting



m IN VITRO TESTING
Al Dissolution Testiﬂg‘ S

" Conduct dissolution testing on 12 dosage units of the test product versus 12 units of the -

reference product. The biostudy lots should be used for those product strengths tesicd in

vivo. Because no official USP dissolution method is currently available for buspirone
hydrochloride tablets, the FDA dissolution method should be followed. The following —
method and tolerances are currently recommended for this product: - -

Apparatus: - USP XXIII apparatus II (Paddle)
RPM: 50 RPM
Medium: 0.0IN HCl at 37°C
Volume:. .500mL
— ~ Sampling Times: 10, 20, 30 and 45 minutes
. Tolerance (Q): NLT 80 percent in 30 minutes
Analytical: ... As per USP XXTIL, if available, or other validated method

The percent of the test and reference product dissolved at each specified testing interval

‘should be reported for each individual dosage unit. The mean percent dissolved, the range

(highest, lowest) of dissolution, and the coefficient of variation (relatwe standard
 deviation) should be reported -

B. . Content Uniformity Test

Content uniformity testmg on the test product lots should be performed as described in
USP XX111. ’

IV. - WAIVERS

* Waiver of in vivo bioequivalence study requirements for the 5-mg and 10-mg tablets of the
generic product may be-granted per 21 CFR 320.22(d)(2) provided both of the following
oondmons are met: -

A The 5-mg and 10-mg tablets are propomonally similar in both active and inactive -
ingredients to the 15-mg tablet that has demonstrated bxoeqmvalence to the listed
reference (15 mg) product in vivo. . - N

B. The 5-mg and 10-mg strengths of the generic product meet the specified
- dissolution testing requirement.
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" Study CN101-128: “Bioequivalence Between Unlabeled and Stable-Labeled Buspirone
Hydrochloride Solutions when-Administered Orally”

OBIECTIVES -

To compare the rate and extent of absorption of the stable-labeled buspirone solution to
that of the unlabeled buspirone solution (both administered simultaneously) to detcrmme
if an isotope effect exists on the pharmacokinetics of the stable-labeled drug

1) 30 mg Buspirone solution containing 15 mg (1 mg/mL) unlabeled busplrone plus 15

A mg [13C, 15N2]busp1rone (1 mg/mL). PIN# 9022-J030-141; Batch N99032 -
SUBJECTS

Six (6) halthy male subjects ranging in ages from 20-50 years enrolled and completed

the study. - :

| 1GH
A single site, smgle-dosc, open:fabel one-period, two-treatment design. Following an

overnight fast, each of the six healthy subjects received an oral solution containing 15 .

mg unlabeled buspirone and-15 mg [13C, 15N2]buspirone. The study subjects drank
the solution through a straw, followed by 240 mL of water. Serial blood samples were
taken over a 24-hour period and the plasma analyzed for buspirone, its active
metabolite 1-pyrimidinylpiperazine (1-PP), and their corresponding stable-labeled
-analogs using a —_— assay. Blood samples for pharmacokinetic
~ analysis were drawn at specified time points according to the following schedule: .
*pre-dose, and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 6, 7, 8 10, 12, and 24
hours after drug admnustratlon '

' Plasma samples were assayed for buspirone, its active metabolite 1-PP, and their
isotope analogs using a validated —— ' method. Method validation and assay
. performance were found to be acceptable. ‘

il
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Specificity: The assay is spec1ﬁc for buspirone, 1-PP, and their stable isotope analogs -
_ with no significant interference peaks seen at the retention times of the analytesor of

the internat-standard in the chromatograms.

Senszava! The LLOQ for buspirone and 113c, 15N2]busp1rone was — ng/mL
and — ng/mL for 1-PP and [13C, 15N2]1-PP.

Accumcy Assay accuracy was within 5.5 %-of the nominal concentration values of
—— . and — ng/mL for buspirone and [13C, 15N2]buspirone, and
—_ " ng/mL for l-PP and [13C, 15N2]I-PP
Precision: The intra-assay premsmn was within 8.4% RSD and inter-assay precision
within 5.4% RSD for the concentration values of  —— and . — ng/mL for

- buspirone and stable-isotope buspxrone, and - for 1-PP and stable. -

1sotope 1-PP.

~Linearity: Demonstrated with the cahbrauon curves generated from — i ng/mL to

— ng/mL for buspirone and [13C, 15N2]buspirone, and from — ng/mL to
ng/mL for 1-PP and [13C 15N2]1-PP.

Stability: Processed samples shown to be stable for at least 48 hours at RT..

DATA ANALYSIS

Pharmacokinetic parameters determined for buspirone and 1-PP (and stable isotope
analogs) included Cmax, Tmax, AUC (inf), AUC (0-t), and T1/2. ‘A point estimate
and 90% confidence interval were constructed for the geometric mean ratio (unlabeled:
stable labeled) of Cmax and AUC (inf). The PK parameters were log-transformed and

the resulting point and interval estimates were exponennated to express the results as -

geometric means and ratios of geometric means. Lack of an isotope effect between
unlabeled and stable labeled buspirone was to be concluded if the 90% confidence
intervals of the ratios of Cmax and AUC (inf) geometric means for buspirone and its

“active metabolite 1-PP were contained entirely in the range of 0.80-1.25. -

BESIHJZS

Fxgure 1 shows the structure of the stable-labeled buspirone used in this study Table

1.1 and Tablé 1.2 show the mean plasma concentration-time data for buspirone ([13C,
15N2]buspirone) and its act;ve metabolite 1-PP ([13C, 15N2]1-PP), respectively.
Graphs for concentration vs. time profiles of buspirone and 1-PP are shown in Figure
2. Finally, the statistical results of the study are shown in Table 2 with point estimates

and 90% confidence intervals. Tables 3 and 4 show the individual mean PK parameters

for buspirone and 1-PP, respectively, for all study subjects. The median Tmax was 0.5

* hours and 0.63 hours for stable-labeled and unlabeled buspirone, respectively. The

median Tmax was 0.75 hours for both stable-labeled and unlabeled 1-PP.
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Mean plasma concentration-time data for buspirone following

Table 1.1 »
administration of buspirone solution.
MEAN PLASMA CONCN (NG/ML)
TIME Buspirone = - {¥c, **N;) Buspirone
DAY HR MIN N MEAN SO SRSD N MEAN sD sRSD
. . 06 0.00 0.00 . 6 0.00 0.00 .
- . 15 6 -0-31 0.1 - 35.26 6 0.31 - 0.11 34.18
TTIo. 30 6 0.67 ~0.31 46.48 6 0.68 0.30  43.84
- . . 45 6 0.54 0.20 37.57 &6 0.55 0.21  37.97
.1 0 6 0.4 0.20 40.75 6 0.50 0.20  40.29
i .1 30 6 0.56 0.26  46.14 6 0.58 0.27  46.31
. 2 0 6 0.38 0.16 41.52 6 0.39 0.16  40.96
. 2 30 6 0.37 0.17° 46.99 6 0.37 0.16  44.03
.3 0 6 0.26 0.13  48.17 .6 .. 0.28 0.13  46.89—
. 4 0-6 0.23  0.15  64.20 6 0.24 0.16  66.79
- . 6 0 6 0.09 ° 0.05 S55.32 6 0.09 0.05  55.01
.7 0 6 0.06 0.03  48.08 6 0.07 0.03 ¢« 51.07
. 8 0 6. 0.05 0.02 ~48.83 6 0.05 0.02  42.81
.10 0 6 0.02 0.01 57.31 6 0.02 0.02 118.77
.12 0 6 0.01 0.01 156.93 6 0.01 0.01 156.25
.2¢ 0 6 0.00 0.00 . 6 0.000  0.00 .
= NOTE: VALUES <l = 0 -
* Source: Appendix 11.1.1B : A - .
Table 12 -  Mean plasma concentration-time data for 1-PP following

administration of buspirone solution.

MEAN PLASMA CONCN (NG/ML)'

TIME 1-PP {¥c,"N,)1-pP
DAY ER MIN N MPAN 8D SRSD N  MEAN 8D SRSD
«. - 0 6 0.00 " 0.00 . 6 0.00 0.00 .
- - . . 15 6 © 1.87 1.61 102.59 6 1.69 1.61 . 95.29
.« . 30 6 5.17 2.50  ¢8.24 6 5.45 2.4 44.76
. . 45 6. 5.83 1.96 33.65 6 6.13 1.7 32.13
. -1 0 6 5.76 1.57 27.26 ¢ 6.12 1.57  25.66
. 1 30 6 5.50 1.05 19.15. 6 5.86 1.04 17.72
. 2 -0 6 5.5¢ 1.00 18.04 6 5.90 1.13 19.15
+ 2 30 6 5.12 0.92 17.92 6 S.49. 0.95 17.3¢
- .. 3 0 6 4.8 0.78 16.19 6 5.31 0.93 17.48
. 4 0 6 4.87 0.91 18.74 6 5.12 0.98 19.20
. 6 0.6 3.86 1.24 32.12 6 4.05 1.19 29.42
. 7 0 6 3.56 1.51 42.41 6 3.1 1.45  39.04
.8 0 6 2.96 1.1S . 38.86 6 3.31 1.38 41.63
.10 0 6 2.15 0.96 44.55 ¢ 2.33 1.02 43.67
.12 o0-6 1.52 0.79 51.66 6 1.69 0.88 §2.09. °
.24 0 6. 0.33 . 0.31 94.28 § 0.40 0.30  75.25
NOTE: VALUES <LLQ = 0 -

Source: Appendix 11.1.2B
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Figure 2

--deviation)

Mean (SD) Plasma Buspirone Conc (ng/mL)

Mean (SD) Plasma 1-PP Conc (ng/mL)

Mean (SD) concentration-time profiles for buspirone and 1-PP with
(-#-) representing unlabeled and (-o-) representing stable-labeled
analogues (Protocol

CN101-128) (Vertical bars represent one standard
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fable 2 Relative bioavailability point estimates and 90% conﬁdence mtervals
for me and AUC(NF) (Protocol CN101-128)

Geometric Means  Katios of Geometric Means
_ Parameter® - . - — :
Buspirone | ’C,"N;]Buspirone | Point Estimate 90% CI
. o Buspirone - | )
Cmax (ng/mL) 066 | 0.66 0.99 (0.97,1.01)
AUC(NF) (ng*h/mL) 1.96 2.01 0.97 (0.94, 1.01)
. o o 1-PP T :

Cuax (ng/mL) 702 | - 725 - 097 ~ (0.93,1.01)
AUC(NF) (ngeh/mL) 53.31 . 58.10 : 0.92 (0.89, 0.95)

* Cuax and AUC(INF) data were analyzed on a log scale; N=6 '

APPCﬁPS T‘HS A T
- 0N 0RigINAL ro-
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‘ TARLE 3 B -
y o - Individual and arithmetic mean (SD) pharmacokinetic
"""""""" 4 parameters for unlabeled and stable-labeled buspirone
following the administration of buspirone solution. ~ =

PEAXNAME = BUSPIRONE

PEARMACOKINETIC PARAMETER VALUES

, Qnx TMAX ADC(0-T)  ADC(INF) T-HALP
suBy sEQ - NG/ML) (8) (NG.H/ML)  (NG.R/ML)™ (%)
STUDY CENTER = 001 . T
B 0001 1
0002 1 — d
0003 1 .
0004 1
. 0005 1 -
- 0006 1 o B
"""""" MEAN 0.2 0.63* 2.06 . 2.18  2.26
sp 0.29 {0.50,1.50) ~  0.97 0.96 1.02
N 6 6 6 6 6_

- - ) PEARNAME = [C,'N;] BUSPIRONE

- T PHARMACOKINETIC PARAMETER VALUES

o _ CMAX THMAX AUC(0-T) ADC (INF) T-HALF
SUBJ  SEQ (NG /ML) (H) (NGTH/ML) (NG .H/ML) (1)

STUDY CENTER = 001 . o

/~

MERN D 0.7 " . 0.50* 2.06 2.20 3.04
sD 0.28 £0.50,1.50) . 0.98 0.98 1.19
T [ .

0001

0002

0003

0004

——— -~ . 0005
- 0006

(SRl SN ol )




TABLE 4 — -

o Individual and arithmetic mean (SD) - pharmacokinetic

- e o _parameters for unlabeled and stable-labeled 1-PP following the
' - —  administration of buspirone solution.

- PEAKNAME = 1-PP

PHARMACOKINETIC PARAMETER VALUES

CMAX ™ox AUC{0-T) ADC (1INF) T-HALF
SUBJ  SEQ (NG/ML) (H) {NG. H/ML) (NG.H/ML) ~ 14:¢]
STUDY CENTER = 001 _
00011
0002 1
0003 1
0004 1 \
0005 1 -
0006 1
MEAN 7.17 0.75*  52.76 . $6.18 - 4.92
SD— - 1.61 (0.50,7.00)  17.19 19.30 .43 -
N . _ 6 6 6 6 -6

. ~ PEARNAME = (“C,*N;)1-PP

PHARMACOKINETIC PARAMETER VALUES

CMAX T™AX AUC(0-T) AUC ( INF) T-HALF
SUBJ  SEQ ) {NG/ML) ' (H) (NG . H/ML) (NG.H/ML) (H)
" STUDY CENTER = 001-
0001 1
- 0002 1
- : 0003 1
0004 1 . S
0005 1 .. \ .
0006 1
= MEAN 7.40 0.75* 57.58 . 60.94 5.17
-SD 1.62 © 7 (0.50,2.00) 17.48 20.33 1.14
N

6 6 € 6 : 6




CONCLUSIONS

__ There does.not appear to be-an isotope effect on the pharmacokinetics of buspirone
when the isotope of the atoms in the molecule is changed to [13C, 15N2]. The
pharmacckinetics of buspirone and its metabolite 1-PP are not significantly altered upon
administration of the stable isotope moiety compared to the unlabeled moiety. This has
been shown both through statistical analysis as well as the plasma concentration-time .

profiles:- o —
. APPEARS THis way R
L o - ONORIGINAL ,
' APPEARS THIS WAY _ - ,
B _ ONORIGINAL | o
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Study CN101-126: “The Compamtavé Oral Bloairaﬂabxhty of 15 mg Busplrone
Capsules and BuSpar Dividose 15 mg Tablets Using the Stable Label Techmque in
Healthy Subjects”

To assess the ‘bioequivaience of buspirone and its active metabolite 1-
pyrimidinylpiperazine (1-PP) when buspirone is administered in equal doses as a
capsule formulation and as the marketed BuSpar Dividose tablet formulation.

“Test Product:. ' v
1) Buspirone Capsules 15 mg (PIN# 9022-R015-l35 Batch 9C13694), and :
2) [l3C 15N2]Busp1rone Solution 15 mg (PIN# 9022-J015-142; Batch N99040)

Reference Product:
1) Buspirone Tablets 15 mg (Batch A9JO96A), and
2) [l3C 15N2]Buspirone Solution (PIN# 9022-J015-142; Batch N99040)

SUBJECTS -

- Forty-four hmlthy male (n=23) and female (n=21) subjects ranging in age from 18-50_
years enrolled in the study. Of the forty-four subjects who were randomized to '
_treatment in this study, forty-three completed both: treatments.

STUDY DESIGN

A single site, single-dose, open-label, two-way crossover design. Subjects were
randomized to one of two sequences of 22 subjects-each. Following an overmght fast, —
each of the healthy subjects received 15 mg Buspirone capsule and 15 mg [13C, '
~ 15N2]buspirone solution simultaneously, or 15 mg BuSpar Dividose tablet and 15 mg
[13C, 15N2]buspirone solution simultaneously, according to the randomization
“schedule. There was a 1-week washout between doses. Serial blood samples for
, pharmacokinetic analysis were collected prior to, and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5,
. 3,4,6,1, 8, 10, 12, and 24 hours after drug administration. The plasma was analyzed
;  for buspirone, its active metabolite 1-pyrimidinylpiperazine ( l-PP), and their
“‘  corresponding stable-labeled analogs using a validated ——  “assay.



- Plasma samples were assayed for buspirone, its active metabolite l-PP,' and their
isotope analogs using a validated —— method. Method validation and assay
performance were found to be acceptable. B

Specificity:_ The assay is specific for buspirone, 1-PP, ‘and their stable isotope analogs.

Sensitivity: The LLOQ for buspirone and [13C, 15N2]buspu'one was — ng/mL
and — ng/mL for 1-PP and [13C, 15N2]1-PP

Accuracy: Assay accuracy was within 6.2% of the nominal concentration values of
.. . __..ng/mL for buspirone and [13C, 15N2]busp1rone, and
— - ng/mL for 1-PP and [13C, 1SN2]J1-PP. - .

Precision: The intra-assay precision was within 6.3% RSD and inter-assay precision -

within 4.7% RSD for the concentration values of —— ,and ~ Yng/mL for
buspirone and stable-isotope buspirone, and _ for 1-PP and stable

isotope 1-PP. : -

DATA ANALYSIS )

Pharmacokinetic parameters determined for buspirone and 1-PP (and stable isotope
analogs) included Cmax, Tmax, AUC (inf), AUC (0-t), and T1/2. Relative Cmax and
AUC (inf), defined as the ratios-of unlabeled analyte to stable-labeled analyte, were
" also determined. A point estimate was calculated based on the ratio of Relative Cmax

- or AUC (inf) of the test (capsule) to reference (tablet). Subsequently, 90% confidence
_ intervals were constructed for the ratio (test:reference) of relative Cmax and AUC (inf).
- Bioequivalence between the capsules and tablets was to be concluded if the 90%

- confidence intervals of the ratios of both relative Cmax and relative AUC (inf)
geometric means for buspn'one and its active metabolite 1-PP were contained enurely : -
~ between 0.80-1.25. o —

Tables 1.1 and 1.2 show the mean plasma concentration-time data for buspirone and -
* [13C, 15N2]buspirone, and 1-PP and [13C, 15N2]1-PP, respectively. Figure 1 shows
the mean plasma concentration-time profiles for each treatment in the study.-Tables 1.2
“(A-D) show the statistical results from the data analysis of this study. Tables 2-9 show
individual pharmacokinetic means for all study subjects for buspirone and 1-PP (stable-
labeled and unlabeled). Finally, Figures 2-5 show subject profiles for relative Cmax
“and relative AUC (inf) versus formulation for.each analyte. -



Table 1.1 Mean {SD) plasma concentration-time data for busplrone and
[”C,”Nzlbusplrone following administration of buspirone

tablets and capsulw concurrently with a [”C,”Nz]busplrone
- , ' solution.

MEAN pnasun CONCN OF BUSPIRONE (NG/ML)

CAP . (Y, "N,)busp;rone Soln TAB « ["c, "N;)buspirone Soln

TIME
DAY HR MIN N  MEAN SD SRSD N
. . 043 0.00 0.00. .4
. .15 43 0.16 0.46 284.07 44
- . . 3043 1.50 2.55 169.57 44
— . . 45 43 1.33 1.71  128.70 44
. . 1 043 0.95 1.08 114.36 44
1 30 43 0.62 0.63  102.95 44
2 043 0.65 0.85 131.87 44
2 30 43 0.58 0.68 118.90 44
.3 043 0.€5 1.50  230.53 44
3 ;. 4 043 0.47 0.75 158.45 44
. 6 043 0.23 0.32  142.00 &4
. 7 043 0.16 0.21-— 131.85 44
. 8 043 0.11 0.18 159.36 44
— -10 0 43 0.06 0.11  174.46 44
12 043 0.04 0.06 172.81 44
24 043 0.00 0.01  425.70 44

- TIME
DAY HR MIN N MEAN sD ARSD N
- . 043 0.00 0.00 . 44
Y. 15 43 0.94 1.12  118.85 44
- . . 3043 2.32 3.13  135.08 44
_ . . 45.43 1.80 1.82 100.94 44
- . 1 043 1.35 1.21 89.46 44
s 1 30 43 0.85 ___0.61 72.23 44
. 2 043 0.74 0.48 64.76 44
- 72 30 43 0.61 0.43 69.99 44
— . 3 o043 0:51 0.41 79.99% 44
. 4 043 0.42 0.42 98.71 44
. 6§ 043 0.22 0.22 97:9% 44
. 7T 043 0.15 ° 0.13 .86.88 44
. 8 043 0.11 0.12 107.96 ¢4
.10 0 43 0.07 0.08 115.62 44
.12 0 43 0.04 0.04 120.42 44
.2¢ 043 0.00 0.01 425.39 44

0.00

" 0.00

0. 75 167.62
0.37 169.82
0.24 158.89
0.20 185.63
0.11 183.30
0.07 195.37
0.01 504.07

0.57 74.30
0.76 7108.49

0.55 102.87 .
0.46 108.66

0.26 120.34
0.16 106.81
0.13  126.68
0.07 124.42
0.06 148.81
0.01 512.97

—mre--
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Mean (SD) plasma concentratlon-time data for l-PP and
[3C,N,]1-PP following administration of buspirone tablets
and capsules concurrently with a{*C,"*N;]buspirone solution.

--------- ——-——

MEAN PLASMA CONCN OF 1-PP (NG/ML)

TIME CAP + [PC,"N;]buspirone Soln TAB + [°c, "N,]buspirone soln
DAY HR MIN N HEAN sD SRSD N MEAN . SD ‘RSD -
. . 043 0. 00 0.00 . [ 13 0.00 __ 0.02 663.32
- . 1543 0.20 0.38 189.87 44 0.45 T 0.79° 175.34
. . 30 43 4.1  3.82 92.19 44 4.34 .27 75.27
. . 45 43 5.34 2.90 54.22 44 5.50 3.20 58.10
.01 0 43 5.34 2.52 47.11 44 5.29 2373 51.63
1 30 43 5.27 2.36 44.88 44 5.05 2.59 51.26
2 0 43 5.22 2.30 44.00 44 5.17 2.29 44.31
. 2 30 43 5.12 2.32 45.27 44 5.26 2.41 45.88
. 3 043 _ S5.06 2.32 45.78 44 S.13 2.54 49.46
. 4 0743 4.73 2.38 50.19 44 4.54¢—2.34 51.59
. 6 0 43 3.72 2.35 63.34 44 3.76 2.30 €1.24
. 7 043 3.36 2.30 6B.34 44 3.37 2.41  71.55
8 0 43 3.07 2.3 75.02 44 3.00 2.33 77.62  —— -
- 10 0 43 2.35 2.10 89.45 44 2.32 2.02 87.04
. 12 0 43 1.91 1.93 100.75 44 1.89 1.84 87.44
24 043 0.61 0.83  146.14 44 0.56 0.78  138.94 ~

R it L D R R e itttk

L L T e e e e e X U

TIME CAP + ['%c,"N;lbuspirone Soln TAB + [YC,"N:)buspirone Soln
DAY HR MIN N MEAN SD SRSD N MEAN SD $RSD
0 43 0.00 ~ . 0.03 655.74 44 0.00 0.00 - .

. 15 43 1.29 1.56 120.31 44 1.21 1.42 116.82 -
. 30 43 6.26 3.50 55.88 44 5.80 3.35 57.71
. . 45 43 ©6.91 2.78 40.17 44 6.65 2.79 41.92
P § 0 43 6.59 2.42 - 36.73 44 6.24 .. Z.39 -38.22

.1 3043 6.13 2.27 37.09 44 S.90 ‘2.40 40.65

. 2 0 43 5.81 2.35 40.45 44 5.77 —2.32 40.22
. 2 30 43 5.54 2.39 43.06 44 5.66 2.45 43.23
. 3 0 43 5.33 2.45 45.97 44 - 5.39 2.60 —48.33
. 4 0 43 4.89 2.55 52.14 44 4.7¢4 2.45 52.47
. 6 0 43 3.87 2.58 66.61 44 3.89 2.55 65.57
.7 0 43 3.51 2.50 71.28 44 " 3.50 2.56 . 73.09
. 8 043 ~ 3.16 2.45 77.54 44 3.13 2.55 81.44
.-10 0 43 2.39 2.14 89.71 44 2.38 "2.14 89.77
.12 043 1.95 2.00 102.87 44 1.83 1.94 100.62
.28 -0 483 0.62 0.94 151.66 44 - 0.57 0.83 ° 146.13

e - - - - e ——w - —————-—--

NOTE: VALUES <LlQ =

Source: Appendix 11.1.2B




(A)

Mean Plnsmﬁ Buspirone Conc (ng/mL)

00 05 1.0 15 20 25 30 35 4060 120 180 240
_Time (h) After Dosing -

IIVIe:m Plasma 1-PP Conc (ng/mL)

00 05 1.0 1S 20 25 30 35 4060 120 180 240
Time (h) After Dosing

_ ’ The mean. concentration-time profiles for (A) busplrone and

~ stable-labeled buspirone, and-(B) 1-PP and stable-labeled 1-PP
(N=43) with (-e-) representing -tablets (reference), (-o-)

_ representing stable-labeled buspirone solution co-administered

with the tablets, (-A-) representing capsules (test), and (-A-)

- representing stable-labeled buspirone solutnon co-admmxstered’
T . -with the capsul&s



a@uic en Sunumary oI staustical analysis results for buspirone Relatxve

CMAX and AUC
Pharmacokinetic |  Adjusted Geometric-Means Ratio of Geometric Means
Variable | - Capsule .  Tablet Pt. Estimate _ 90% C.L
Relative CMAX | - 0.64 | 0.63 | 102 (0.92, 1.13)
| Relative AUCANF) 067 0.68 098 (092,105

Source: Tables 4A,5A oj’ Appendix 6.4

Table 1.2B -Summary of other (unlabeled) buspu'one pharmacokmetlc

parameters L
— - | Buspirone ‘|  Buspirone Treatment Codes
Parameter Tablet Capsule |
TMAX (h) - - 075 075 L _
‘Median (range) [ — —  —
T-HALF (h) 322 - 2.94
Mean (SD) (1.95) : (1.32)°

Source: Tables 3A of Appendix 6.4

Table 1.2C Summary of staustxcal analysxs results for 1-PP Relatxve :
| CMAX and AUC. - v
Pharmacokinetiﬁ ' Adjusted Geometric Means - Ratio of Geometric Means
Variable Capsule ___ Tablet | PuEstimate  90%CL | -
Relative CMAX 089 - 09I 0.98 ©93,1.03) | -
1 Relative AUC(INF) 0.94 095 099 098, 1.01) |_

“- - Source: Tables 6A,7A of Appendix 6.4

Table 12D - Summary “of other (unlabe!ed) l-PP phafmacokmetxc -
o - ~ parameters
o B“SPI_[ODC ' Buspirone Treatment Codes
Parameter Tablet Capsale
o TMAX (h) -~ 100 1.00
Median (range) (. — ) \ — |
Mean (SD) __(236) @1

Source: Tables 3B of Appendix 6.4 _ ‘, - : - 0 3 5



Individual ‘and arithmetic mean (SD) pharmacokinetic

TRGLE 7~ parameters for buspirone following the administration of 1x15

. buspirone capsule concurrently with a 'lsmg
o [*C,"*N;)buspirone solution. e :

_Analyte = Buspirope; Treatmantz=lxlS mg Bu#pirone Capsule .
PHARMACOKINETIC PARAMETER VALUES o
o ) » oMAX TMAX AUC(0-T) AUC (INF) T-HALF ~ REL CMAX ' REL auc h
SUBJ SEQ  (NG/ML) {H) (NG.H/ML)  (NG.H/ML) (H) -

- - - = - > D - e P S B e = P = -

~
w
MNRPRNNHEBRNRNNRNERNENRENNERENENRNNRRORENHRONE SO

MEAN 1.98 © 0.75* 4.10 4.28 2.94 0.650 0.714
s . . 2.60 (0.50.4.00) 5.44 5.50 1.32 0.252 0.266
TN : 43 43 . 43 43 43 43 . 43

- ’ * MEDIAN (nmnmu,mnmm‘ . -




Individual and arithmetic mean (SD) - pharmacokinetic
TAGLE 3 . Parameters for buspirone following the administration of 1x15
nxsg BuSpar® Dividose® tablet concurrently with a 1Smg

- lsNz]buspn'one solution.

AS;iyfz_Q Buspirons; Tr. . ant=ixlS mg BuSpar® Dividosed Tablet -

B e it e T PR

B R L g D e eSS A LSS TS

OMAX TMAX T AvCto-T) AUC (INF)- T-HALF REL CMAX REL AUC

SUBJ SEQ  (NG/ML) (H) (NG.H/ML) (NG.H/ML) (H)

e e D L T L ettt R gy S

0027
0028
0029
0030
0031
0032

0034
0035
Q036
- - 0037
' 0038
0038
0040
0041
0042
0042
0044

MEAN " 1.s8 0.75° 3.65  3.87 3.22 . 0.6s2  0.708 - —
. sD _ 1.25  (0.50,6.00) a.58 a.68 1.5 - 0.308  0.237
SN _ 43 a3 I o 43 a3 a

*" MEDIAN (MINIMUM, MAXIMUM)

- - = -




Individual and arithmetic mean (SD)_.pharmacokinetic

”,7._74 BLE ,_i__ parameters for [°C,”N;]buspirone  following  the

administration of 1x15 mg buspirone capsule concurrently
with a 15mg [**C,"*N,]buspirone solution.

Analyte = ["c.“‘ﬂ;lnu:.-ai:on‘e; Treatment=1x15 mg Capsule
——__ - - PHARMACOKINETIC PARAMETER VALUES
) - CMAX TMAX AUC(0-T) AUC (INF) T-HALF -
SUBJ  SEQ (NG/ML) (1) {NG.H/ML) (NG.H/ML) (H)

. . . e e = T = e e 4 e b e O = e = .

o

o

o

w
NHENNEPNEN

o
o
N
w
{

o

[»)

[N

Qo
HMNENNSRRNNRUVUNFENREOENESRONE RO RENN SN

crmm--- -— - - -

MEAN 2.51 0.50* 4.73 €.94 3.28 :
SD 3.08  (0.25,1.50) 4.31 4.38 2.23
N 43 43 43 a3 43

* MEDIAN (MINIMUM, MAXIMUM)

| | 038




~ Individual and anthmet:c mean (SD) pharmacokmetxc )
" : — parameters for [C,"Nz]bnsplrone' following  the
A TABLE 5  administration of 1x15 mg BuSpar® Dividose® tablet

concurrently with a 15mg [“C >N, ]buspirone solution.

Analyte = [C,N,)Buspirose; Treatmentsixl5 mg BuSpar® Dividose® Tablet

- D - e T - - - .

- - - - - - - " - - - - -

) CMAX TMAX -----  AUC(0-T) AUC (INF) T-HALF
SUBJ SEQ . (NG/ML) (H) (NG.H/ML) (NG.H/ML) ™ (H)

- - " " - o e L D 4= = o e R .- -

o
=3
o
w
N NN N

|
d

o

o

Y

© n
MNEUNHENENNRBNRNERNEENNE RPN ENENN R RS

- - - - - - -~ - - e -——-

MEAN 2.24 .. 0.50% a.58 4.76 2.96
“sp : . 2.06  (0.25,2.50) 4.13 4.22 1.20
N 43 a3 43 3 a3

- ' ¢ MEDIAN (MINIMUM, MAXIMUM)
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- Individual and arithmetic mean (SD) pharmacokinetic
P £ G _parameters for 1-PP following the administration of 1x15 mg
TA A 4 buspirone  capsule concurrently with - a  15mg
[**C,'*N;]buspirone solution.

.Analyte = 1-PP; Treatmentslxl5 ng Buspirone Capsule

- - - - - - - T - - — - .- - .

‘CMAX  TMAX " AUC(0-T) ©  AUC(INF) T<HALF -~ REL TMAX = REL AUC
SUBJ . SEQ  (NG/ML) “(H) (NG.H/ML)  (NG.H/ML) 3] :

P L . N

|

(=4

'

~

W
PNRNNHBOHRNNRUEREPRRB HROR R RNENRPNNREERNE RPN NS

MEAN '7.08 ~ 1.00° 56.27 64.57 5.78 0.898 '0.946
sD 2.71  (0:50,10.00) 40.48 $3.29 2.77 0.131 0.047
N 43— k] ) 43 43 43 43

————-—- - ——-- ———---—- - - -




- - Individual and arithmetic mean (SD) pharmacokinetic

© < MEDIAN (MINIMUM,MAXIMUM) -

AGLE T " parameters for 1-PP following the administration of 1x15 mg
TAGLE . BuSpar® Dividose® tablet concurrently with a 15mg
i I l:"C lsNzlbuspnrone solution.

- Analyte © 1-PP; Trestment=lxlS mg BuSpar® Dividosed Tablet

" - - " " =t i Y P WP e W Y e P = T P = ... -—— .-

EE L L e bl adaa e T L L L L Lt N T T T T

. CMAX TMAX AUC(0-T) AUC(INF)--- T-HALF -REL CMAX REL AUC
(NG .H/ML) (NG.H/ML) (H)

- - - - - A 4 - " - . e S T R R R G Ea A .- - -

0017
0018
0019
0020
0021

1
2
1
1
2
2
1
2
1
1
2
1
1
2
2
1
2
1
2
1
0023 1
0024 2
2

1

1

2

1

2

1

2

1

2

2

1

2

1

1

2

2

1

2

1

2.85 (0.50,7.00) 39.47 49.74 2.36 0.130 0.064
43 43

MEAN 7.18 . 1.00* _ 56.25 " 63.57 5.60 0.918 0.952
N

.43 43 _ 43 43 43

041
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Individual and arithmetic mean (SD) pharmacokinetic
—~4Bug q  parameters for [°C,”*NJ1-PP following the administration of

= 1x15 mg BuSpar® Dividose® tablet concurrently with a 15mg
P _ _. ~[C,"N;]buspirone solution. :
Analyte = [¥C,''N,]1-PP; ’mmeai;;s‘-g BuSpar® Dividose® Tablet

- - - - " > - e e > - - - - - - — .. -

- ' PHARMACOKINETIC PARAMETER VALUES
CMAX TMAX AUC(0-T) AUC (INF) T-HALF
SUBJ  SEQ NG/ (H) (NG.H/ML) - (NG.H/ML) (H)

e L T g S U S

- -

“MEAN . 7,79 - 0.75* 59.68 67.30 5.36
D -~~~ 289  10.50,3.00) a2.53 53.38 _2.54
N . a3 a I a3 a3




- Individual and arithmetic mean (SD) phirmacokinetic
L parameters for ["°C,'*N]1-PP following the administration of
, TAGLE-Y 1x15 mg buspirone capsule concurrently with a 15mg

[**C,'*N,)buspirone solution.

Analyte = [Y'C,'™N,]1-PP; Treatment=1x15 mgy Capsule

- - - - - T - T - - Y - - - . - .. -————

- - - > = e S Y - -

- ) ' CMAX THMAX ---AUC(0-T) - AUC(INF) “ T<HALF T
SUBJ  SEQ (NG/ML) (H) {NG.H/ML) (NG.H/ML) (H) )

P e e el R i LT T T Y

o

]

o

w
HNHNNHEEBNENNHMNERNENHBNNE RN NENN RS ENERON S-S

MEAN ' 7.90 0.75* 60.12 68.78 5.53
SD CL 2.71 .. (0.50,2.50) 43.54 57.19 2.78
N v a3 a3 43 a3 43

-- * MEDIAN {MINIMUM, MAXIMUM)
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The capsule and tablet formulations of buspirone are shown to be bioequivalent based

on the statistical analysis of the ratios of relative Cmax and relative AUC (inf) between
the two formulations. - The 90% confidence intervals for the ratios of relative Cmax and -
relative AUC (inf) geometric means were within the range of 0.80-1.25.

APPEARS THISWAY -
ON ORIGINAL I

APPEARS THIS WAY
ON GRIGINAL
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Study CN101-127: “Food Effect Study of Buspirone Tablets, Capsules and Capsule
Contents in Healthy Subjects” '

OBJECTIVES : - -
. The objectives of the study were to:" N
- 1) _Compare the effect of food between the cnpsule formulation and the
marketed BuSpar Dividose tablets
2) Evaluate the effect of food when the capsule contents are spnnkled and
mixed with applesauce for administration compared to the intact capsule
formulation in the fed state . '
3) Determine the effect of food on the mtact capsule formulanon compared to
the czpsule in the fasted state.

FORMULATIONS

Test vProdu‘ct_: Buspirone Capsules 15 mg (PIN# 9022-R015-135; Batch 9C13694)
Reference Product: Buspirone Tablets 15 mg (Batch A9J096A)

SUBIECTS o

' Forty-four healthy male (n=23) and female (n=21) subjects ranging in age from 18-50
years enrolled in the study. Of the forty-four subjects who were randomized to
treatment in this study, forty completed both treatments.

A smgle site, single-dose, open-label, four-way crossover desxgn Subjects were
randomlzed to one of four sequences of 11.subjects each. Following an overnight fast,
mh of the healthy subjects received buspirone either as 2 x 15 mg capsules or 2 x 15
mg tablets according to a randomization schedule of the following treatments:

TFED = 2 x 15 mg buspirone tablets 5 minutes after high-fat breakfast
- - CFED = 2 x 15 mg buspirone capsules 5 minutes after high-fat breakfast
~ CFAS =2 x 15 mg buspirone capsules under fasting conditions _
OPEN =-2 x 15 mg buspirone capsules 5 minutes after high-fat breakfast thh
the capsules opened and contents sprinkled and mixed in 1 ounce of applesauce

- There was a 1-week washout between doses. Serial blood samples for pharmacokinetic

analysis were collected prior to, and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 6, 7, 8,

10, 12 and 24 hours after drug administration. The plasma was analyzed for buspxronc
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 Sensitivity: The LLOQ for buspirone was — ng/mL and — ng/mL for 1-PP.

—_and its active metabolite, l-pyrinxidinylpipemzine-(l‘—PP), using a valid-ate-d:fl\ S
assay. - '

Plasma-sainples were assayed-for buspirone and its active metabolite 1-PP using a
validated ~— method. Method validation and assay performance was found to
be acceptable.

Accuracy: Assay accuracy for buspirorie was within 3.7% of the nominal concentration

_valuesof —  ng/mL, and within 7.9% of the nominal concentration | ,
values of - — ng/mL for 1-PP. - . —_— - ' —
Precision: The ihtrﬁ-assay precision was within 3.6% RSD and inter-assay-precision -
within3.7% RSD for the concentration values of° — and — ng/mL for - —
" buspirone, and T i for 1-PP.
DATA ANALYSIS -

Pharmacokinetic parameters determined for buspirone and 1-PP included Cmax, Tmax,

AUC (inf), AUC (0-t), and T1/2. To compare the effect of food on the biocavailability

of buspirone treatments, an analysis of variance (ANOVA) appropriate for-a four-way

crossover study was performed on log-transformed values of AUC (inf), AUC (0-t),

and Cmax for buspirone and 1-PP. The sponsor refers to the FDA ‘Guidance entitled: T
“Buspirone Hydrochloride Tablets In Vivo Bioequivalence and In Vitro Dissolution '
Testing”. The Guidance states: “In general, a comparable food effect will be assumed -

provided the AUC (0-t), AUC (inf), and Cmax mean values for the test product differ

no more than 20% from the respective mean values obtained for the reference product

“in the study.” Comparability of food effect between capsuies and tablets (treatments

CFED vs. TFED) was to be concluded by the sponsor if the geometric means' for—- -

Cmax, AUC (0-t), and AUC (inf) of buspirone and. 1-PP were within 20% of each
other. Similarly, comparability of food effect between opened capsule contents and

- intact capsules (treatments OPEN vs. CFED) was to be concluded by the sponsor if the _

geometric means for Cmax, AUC (0-t), and AUC (inf) of buspirone and 1-PP were

" within 20% of each other. .

The sponsor also exammed the geometric mean comparisons for Cmax, AUC (O-t), and
AUC (inf) of intact capsules in the fed and fasted states (treatments CFED vs. CFAS)
as well as the capsule contents in the fed state to the intact capsules in the fasted state
(treatment OPEN vs. CFAS). Finally, the sponsor compared the geometric mean
values for Cmax, AUC (0-t), and AUC (inf) for the capsule contents and the tablets
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under the fed state (treatments OPEN vs. TFED). In addition to the +/- 20% criteria
to demonstrate comparable food effects between treatments, the sponsor determined the
point estimates and 90% confidence intervals for the ratios of geometric mean data.

RESULTS

‘The pharﬁiécohneuc results of the study and treatment comparisons are shown in

Tables 1-3 and Figure 1. The individual mean pharmacokmeuc parameters for each

_ treatment are shown in Tables 4-11: o



TRRLE |

__Buspirone
- . R Pharmacokinetic Variable
Treatment - CMAX (ng/ml) |  AUCENF) (ngh/mL) AUC(0-T) (ng-W/mL)
. Geometric Mean: Geometric Mean Geometric Mean
- TFED 4.12 10.93 10.07
CFAS 2.13 4.55 - 3.68
CFED 2.88 9.83 9.00
OPEN 4.27 12.69 11.71
Treatment %Difference of Test Geometric Mean from Reference Geometric Mean
Comparison CMAX AUC(NF) AUC(O:T)
CFED vs TFED* - —-30% -10% ) S T T
OPEN vs CFED" 48% 29% 30%
OPEN vs CFAS® 101% 179% 218% - -
CFED vs CFAS® 35% 116% 145%
OPEN vs TFED® 4% 16% - 16% N
- 1.PP - -
— - o Pharmacokinetic Variable
Treatment CMAX (ng/mL) . AUC(NF) (ng-h/mL) AUC(0-T) (ng-VmlL)
- Geometric Mean Geometric Mean Geometric Mean
- TFED - 10.84 79.62 74.27
CFAS — . 13.46 80.11 74.73
CFED 9.12 76.76 71.71
OPEN -9.28 - 80.23 74.66 —
Treatment % Difference of Test Geometric Mean from Reference Geometric Mean
Comparison CMAX AUC(INF) AUC(O-T)
CFED-vs TFED* -16% - 4% 4%
OPEN vs CFED® - 2% 3% _ 4%
OPEN vs CFAS’ -31% 0% 0%
CFED vs CFAS’® -32% 4% 4% 00
OPEN vs TEED® -14% 1% 1%
Primary comparison; "Secondary comparison; “Post hoc comparison . -
~ - Results for TMAX and T-HALF for buspirone and 1-PP are provided below:
Analyte | Parameter CFAS CFED OPEN. TFED
A “TMAX (b) 075 150 0.75 1.00
Buspirone Median(range) | ¢ — —— ., - T T—
T-HALF (h) -1 .
Mean(SD) - | 3.01(1.84) 1 3.26(1.90) 3.66 (1.85) 3.92 (3.04)
‘ TMAX (b). — 075 3.00 250 2.00
1-PP Median (range) | | ~— —~ - _— —
B “T-HALF (h) 1
Mean (SD)- 4.78 (1.85) 455 (1.37) 4.77 (1.37) 4.62 (1.70) _
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Summary of Statlstxcal Analysis Results for Buspirone CMAX and AUC

- Pharmacokinetic Variable
Treatment CMAX (ng/mL) | AUC(INF) ng-/mL) | AUC(0-T) (ng-b/mL)
Geometric Mean | Geometric Mean Geometric Mean
TFED 412 10.93 10.07
CFAS 2.13 4.55 3.68
CFED 2.88 9.83 7 9.00
_OPEN ~ 427 —12.69 11.71 ,
Treatment Point Estimate and 90% C.L for Ratio of Geometric Means for
Comparison | CMAX (ng/mL) AUC(NF) (ng-h/mL) AUC(0-T) (ng-h/mL)
CFED vs TFED | 0,70 (0.57,0.86) |. 0.90 (0.76, 1.06) 0.89 (0.74, 1.08).
OPEN vs CFED | 1.48(1.21,1.82) | 1.29(1.10, 1.52) 1.30 (1.08, 1.57)
OPEN vs TFED | 1,04 (0.84,127) | 1.16(0.99, 1.37) 1.16 (0.97, 1.40)
OPEN vs CFAS | 2,01 (1.63, 2.47) | 2.79 (2.37,328) | 3.18(2.65,3.83)
CFED vs CFAS || 135(1.10,1.67) | 2.16 (1.84,2.54) 2.45 (2.03, 2.95)
Source: Tables 4,5,6. .
TAB L ET3

Summary of Statlsucal Analysis Results for l-PP CMAX and AUC

Pharmacokinetic Variable

Source. Tables 7.8,9.

Treatment CMAX (ng/mL) | AUC(INF) ng-h/mL) | AUC(0-T) ,(ng-h/mL)
Geometric Mean { Geometric Mean Geometric Mean
TFED "~ 10.84 79.62 - 7427
CFAS 13.46 ~--80.11 74.73
~ CFED 9.12 - 76.76 71.71
OPEN - 928 .80.23 74.66
- {— Treatment - | Point Estimate and 90% C_.L for Ratio of Geometric Means for
Comparison | CMAX (ng/mL) AUCQNF) (ng/mL) AUC(0-T) (ng-h/mL)
CFED vs TFED | 0,84 (0.78,091) | 096(0.91,1.02) | 0.96(0.92,1.02)
OPEN vs CFED | 1.02 (095, 1.10) | 1.05(099,1.10) | 1.04 (09, 1.10)
| OPEN vs TFED | 0.86 (0.80,0.92) | 1.01 (0.96, 1.06) 1.01 (0.95, 1.06)
OPEN vs CFAS | 0.69 (0.64,0.74) | 1.00(0.95,1.06) | 1.00(0.95, 1.05)
CFED vs CFAS | 0.68(0.63,0.73) | 0.96(0.91, 1.01) 0.96 (0.91, 1.01)
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The mean concentranon-ume profiles for buspirone and 1-PP were as follows with (-e-) representing |
TFED, (-A-) representing CFAS, (-0-) representing CFED, and (-o-) representing OPEN:

4 : Y e

. Mean Plasma Buspirone Conc (ng/mL)
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- Individual and arithmetic mean (SD) pharmacokinetic
_ _ parameter values for buspirone following the administration of
TABLE™ Y 2315 mg BuSpar® Dividose® tablets 5 min after a high-fat
- breakfast ' i :

"~ Analyte = Buspirone; Treatment = TFED

PHARMACOKINETIC PARAMETER VALUES

TMAX AUC{0-T) AUC (INF)
(H) (NG . H/ML) - (NG.H/ML)

3
4
1
2
2
3
1
3
1
4
4
3
2
1
4 -
2.
3
2
1
3
4
2
4
1
2
3
4
1
e
2
b
3
3
1
4
2
I-.-.‘.
2
3
4

5.22 . 1.00*
3.84  (0.50,4.00)
40 - 40




- Analyte = Bugpirone; Trestment = CFas

’ - Individual and arithmetic mean (SD) _pharmacokinetic
' parameter values for buspirone following the administration of
2x15 mg buspirone capsules after an overnight fast

- onx | max AuC(0-T) AUC {INF)
(NG/ML) (1) {NG.H/ML) (NG.H/ML)

T MEAN 3.57 0.75+* 6.84 7.41
SD 3.86 . (0.50,2.00) 8.60 °~° .—-8.81

N 40 40 0 s0.

3.01
1.84
a

* MEDIAN (MINIMUM, MAXIMOM)
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Individual and arithmetic mean (SD) pharmacokinetic
parameter values for buspirone following the administration of

CTNMGLE § 2x15 mg buspirone capsules 5 min after a high-fat breakfast

Analyte = Buspirone; Treatment = CFED

PHARMACOKINETIC PARAMETER VALUES - -

- CMAX TMAX AUC(0-T) ADC (INF) T-HALF
SEQ (NG /ML) (H#) . (NG.H/ML) ~ (NG.H/ML) (H)
3..
4
1 -
2 -
2 - e
3
0008 1
3- . e - ..
> S
4
e . . )
3"":
.__2 -
1
4.
2
3 - -
2 - — -
1
. - . —
4
2 - . -
4
1
2 -
3 .
4 —
1 . .
4 -
0034- 2 .
0035 1 . — - .
0036 . 3 = - T
0037 3 -
0038 1 —
0039 4.
0040 2 - ! -
004r 1 i - C .
0042 2 e ! o
0043 3 . . ' -
T 0044 -4 2 —
MEAN 4.17 1.50" 12.82 13.67 3.26 i
sD -3.95 (0.25,4.00) 13.68 . . 14.12 . 1.90
N . 40 - 40 40 : 40 . 40
* MEDIAN (MINIMUM,MAXIMUM)




Individual and arithmetic mean (SD) pharmacokinetic
’ —_— parameter values for buspirone following administration of
TﬁGL—_E 7 2x15 mg buspirone capsules contents mixed into 1 oz of N
o applesauce and eaten 5 min after a high-fat breakfast :

.

Analyte = Buspirone; Treatment = OPEN

PHARMACOKINETIC PARAMETER VALUES ™

CMAX TMRX AUC(0-T) AUC(INF). T-HALF
(NG/ML) . (H) (NG.H/ML) (NG.H/ML) (H)

0001
0002
0003
0004
0005
0007
0008 -

R

- 0010
— o011
0013

0014
0015

0016

0017

0018

0020

0021

0022

0023

o 0024

. 0025
: 0027

0028

0029

0030

0031

0032

- 0033

- 10034
- 0035
0036

0037

0038

0039

.

0041

0042
0043
0044

bWl n~l-o}aupuoan:a:a¢>u|o»-»aan|n>a~|»n:ooam:uao.jwfuapqaa:uapnalu ﬂ

4.8 ~ 0,75* 14.45 15.38° 3.66

3.20 (0.25,3.00) 10.61 .10.90 1.85
w0 40 40 40 ac

!zg;g

* MEDIAN (MINIMOM,MAXIMOM)
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Individual and arithmetic mean (SD) pharmacokinetic

parameter values for 1-PP following the administration of 2x15

: TARARE < mg BuSpar® Dividose® tablets 5§ min after a high-fat"
o I breakfast .

B

. : . ) Analyte = 1-PP; Treatment = TFED

PHARMACOXINETIC PARAMETER VALUES

OMAX TMAX AUC(0-T) AUC (INF). T-BALF
(NG/ML) (H) (NG.H/ML) ' (NG.H/ML) (H)

L]
i

o

o

~

w
AUNPMNAHWWHNNBAHAWUNRANBWHNWNBRNWABHWHWINNM W

i
|
o
[=]
-
o0

o

(=4

™

"
1

MEAN ° - o11.589 . 2.00° 87.26 - 94.73 4.62 : .
sp 4.04 (0.50,6.00) 50.61 59.59 - T.70 ,
N... .. ' . 40 40 40 40 40 -

* MEDIAN (MINIMUM,MAXIMUM) ) .
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Individual and arithmetic mean (SD) pharmacokinetic
parameter values for 1-PP following the administration of 2x15

TRGLE 67 mg buspirone capsules after an overnight fast -

Analyte = 1-PP; Treatmesnt = CFAS -

PHARMACOKINETIC PARAMETER VALUES

oAX TMAX AUC(0-T) AUC (INF)
SUBJ SEQ (NG/ML) (R) (NG H/ML) (NG . H/ML)

0001
0002
0003
0004
0005
0007
0008
0008
0010-
0011
0013
0014
0015
0016
- 0017
0018
0020
0021
0022
0023
0024
0025
0027
0028
0029.
0030 -
0031
0032
0033
0034
0035
0036 -
0037
0038
0039
0040
0041
0042
0043
0044

BWNRNNANWWHNOHOWNHBONDAWHNWNAHNWE & WHWKNKM W

MEAN . 14.58 0.75* . 90.28 .98.63
sb 5.4¢  (0.50.4.00) 5177 72.87
N : 40 40 0 40

4.78
1.85
40

- —————— = - - - - - - . -

« MEDIAN (MINIMUM,MAXIMUM)




e _ , Individual and arithmetic mean (SD) pharmacokinetic
- _ - parameter values for 1-PP following the administration of 2x15
B TARLE |6 _ mgbuspirone capsules 5 min after a high-fat breakfast - -

T Analyte = 1-PP; Treatment = CFED

PHARMACOKINETIC PARAMETER VALUES

- CMAX TMAX " TADC(0-T) ADC (INF) T-HALF
SUBY -SEQ (NG /ML) (H) (NG.H/ML) ——— (NG . H/ML) (H)

y
V

0001
0002
0003

0005
0007
0008
0009
0010
. 0011 -
0013
0014
0015
0016
0017
0018 -
0020
—- 0021
. 0022
0023
0024
0025
-~ 0027
0028
0029
0030
0031
0032
0033
0034
0035
0036 -
0037
e 0038
0039
0040
0041
0042
0043
0044 "4 ..o B o

i

NNHN#HUU‘D—‘N’&’-‘huNHﬁNhUPNlJNhHNUObHUPUNNH#U

- MEAN 9.78 3.00* 84.79 91.31 4.55 -
sp 3.1 (0.50,6.00). 48.15 . 55.50 137 e
N a0 a0 40 40 a.

* MEDIAN (MINIMOM,MAXIMUM) ' . . R




Individual and arithmetic mean (SD) pharmacokinetic

: . parameter values for 1-PP following administration of 2x15 mg

"/'ﬂ-@'l,é /| buspirone capsules contents mixed into 1 oz of applesauce and
eaten S min after a high-fat breakfast :

.

Analyte = 1-PP; Treatment = OPEN

--------
———

- ’ " PHARMACOKINETIC PARAMETER VALUES

o anx - T™MAX AUC(0-T)  AUC(INF) T-HALF T
" suBy ~ SEQ (NG/ML) (H) (NG.HAML)  (NG.H/ML) (H)

.~ 0001
o 0002
0003

0004

0005

0007

0008

0009

0010

- - 0011
0013
0014

0015

0016

0017

0018

0020

0021

0022

0023

0024

0025

0027

0028

0029

0030

N 0031
0032

0033

0034

- 0035

0036

0037

0038

- 0039
: 0040

BWNHRNBHRUWUWPRPNBHE O WP S Nr-p»an:u:nnn PNWBBAMRWHRWNNFBW

MEAN 9.64  2.50° 85.71  92.58 4.77
sb “ 3.00  (0.50,7.00) 47.03 54.24 1.37
© w 40 a0 e




" There is afood effect seen when the»capsﬁles are taken with food compared to-fasting

conditions (i.e. CFED and CFAS treatments). The table shows that taking the capsules
in the fed state results in a 17% increase in' Cmax, and an 84% increase in AUC (inf).
The sponsor has determined the 90% confidence intervals for the different treatment
comparisons. For CFED vs. CFAS, the values for Cmax and AUC (inf) were (1.10,
1.67), and (1.84, 2.54), respectively. The values are considerably outside the 0.80- ..
1.25 confidence range typically used to demonstrate comparable food-effects. For the

--metabolite 1-PP, the Cmax decreased 33 % when the capsules were administered under

fed conditions compared to fasting conditions. The AUC values for 1-PP were
basically unchanged between the CFED-and CFAS treatments.

“The mpsul& under fed conditions compared to the tablets under fed conditions (i.e.

CFED-»v's._ TFED) showed a mean decrease in buspirone levels of 20% in Cmax while
AUC (inf) were comparable. There was no significant effect on 1-PP levels (< 20%)
between the CFED and TFED treatments. _ - .

Opening the capsules and mixing the contents with applesauce showed minor -
differences in pharmacokinetic parameters when compared to the intact capsules under
the fed state (i.e. OPEN vs. CFED). Pharmacokinetic parameters Cmax and AUC (inf)
increased 19% and 12%, respectively, between the OPEN and CFED treatments.

- There was no significant effect on 1-PP levels between the OPEN and CFED

treatments.

There were increases in Cmax and AUC (inf) when comparing the capsule contents
mixed with food to the capsules under fasting conditions (i.e. OPEN vs. CFAS).
Increases of 40% and 2-fold were seen with parameters Cmax and AUC (inf),
respectively. The Cmax for 1-PP decreased 34% between the OPEN and CFAS
treatment arms, but AUC values did not differ significantly.

vFinall.y, the spoq@{_ﬁ_howed that pl-larmacokinetic' 'paraiheters for the capsule contni.

mixed with applesauce under fed conditions closely resembled the parameters seen for—
the referenced tablets under fed conditions (i.e. OPEN vs. TFED) All PK parameters
were within +I- 20% between the two treatments.

The Tmax and half-hfe for buspxrone and its active metabolite 1-PP are shown in Table
1 under the Results section.. The parameters Tmax and half-life appear to be similar
between all treatments for buspirone and 1-PP, except for the Tmax of 1-PP between
the CFED and CFAS treatment arms. The median Tmax under CFAS for 1-PP was
0.75 hours while under CFED was 3.00 hours. The ranges were similar, hows" = ¢
this difference may not be chmmlly sxgmﬁmt for a chromwlly administered
medication.
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NEW DRUG APPLICATION NO. 21-190

BuSpar® (buspirone hydrochloride, USP) Capsules

- — vesume 1 = rage 9vL0082

I DrugProduct

' FORMULATION DEVELOPMENT HISTORY (cont.)

Table ILT01 Composition for BuS ar® nspirone hvdrochloride, USP Ca sules

Potency Smg 75mg | 10 mg 15mg
ln;edient - Amount in mg/Capsule
Buspirone HCI 5.00 750 10.00 15.00
Microcrysmlline Cellulose, NF —
: L L 1
' R o S
Lactose, Anhydrose, NF —_
{ — —t
Colloidal Silicon Dioxide, NF -
L % Jr #lr
Sodium Starch Glycolate, NF | -
1 1
o T T t
Magnesium Stearate, NF E—
Total Fill Weight (mg) 100.00 150.00 200.00 - 300.00
lo i st e A v e
#a capsnle V """ ~'L RIS DI -‘!:.' .-".. ‘>)‘$aw}:{'" ’:rfﬂ:%‘?&j
- X s, R ‘_.:.‘.... R ‘:4-'—:“.;.,_'1. B T‘
#3 Capsule e NIRRT Y
# 2 Capsule - g ' o I L ’ ; 'a
# ) Capsule B r N
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E | NEW DRUG APPLICATION NO.21-190
- . BuSpar® (buspirone hydrochloride, USP) Capsules
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. DrugProduct

5. Dissolution Comparison

In support of a waiver for bioequivalence testing for BuSpar® (buspirone hydrochloride.
USP) 5 mg, 7.5 mg, and 10 mg capsules, an in vitro dissolution testing was conducted on
these strengths. An in vitro dissolution testing was also conducted on the 15 mg capsule
" batch used for the bioequivalence studies.

A twelve-capsule dissolution profile for one batch (test batches) of BuSpar® 5 mig, 10 -
- mg, and 15 mg capsules manufactured at Bristol-Myers Squibb Laboratories Company in
| Mayagiiez, Puerto Rico was cofn’pared with the dissolution f)roﬁle for a ooﬁesponding
batch of tablets manufactured at the same ”fééilitY (reference batches). A twelve-capsule
dissolution proﬁle for one batch of BuSpar® 7.5 mg capsules was also conducted but not
compared as this strength is not available in tablet form.

_Both the reference and test batches were tested” for dissolution profiles in 0.01 N._

hydrochloric acid using USP apparatus 2 (paddles) at 50 rpm capable of maintaining a
temperature of 37 + 5°C. Aliquots were removed at 10; 20, 30, and 45-minute intervals
and filtered pnor to quantitation, which was aclneved via hqmd chromatography with 2

,/"- with an UV detector at 235 om. The analyl za!
methods used were 0311 and~ 248425, which is the current USP mcthodology for
BuSpar® Tablets, with the appropriate modxﬁcanons in"the samplmg time - points-
Methods are provxded in section II.F. 4

Thc dxssolutxon proﬁles were compared using the following equation that defines the

:sxmxlanty factor (f,), as provided in SUPAC and Dissolution Tesung of Immedi=>
* Release Solid Oral Dosage Forms guidance documents:

eninaau 1IMeg

{
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BuSpar® (buspirone hydrochloride, USP) Capsules

II. DrugProduct - : e

J.  Dissolution Comparison

lndmdual dissolution results are shown n Tables I1.J.TO2 - 11.J.TOS. Results are a]so

“provided in graphxcal form in schematics I11.J.501 — II 1.S04.

Table II J TO01 Dissolution Profile Comparison Between Ca sule and Tablet ,,,_-’.
Formulations Manufactured at Maya PR Facility - '

Reference Batches(tabl_ets) © | - Test Batches (capsules) . o
) Lot Strength Batch Lot Strength Batch f,
Number | Size Number | Size (50-100)
_ (tablets) (capsules)
9D16972 Smg | —— 9CI18038 [ Smg . 56
OF14340 | 10mg | — 9C14476 | 10 mg N — 54
A9J096A | 15mg | — 9C13694 | 15mg — 4|




\
II.  Drug Product
J.  Dissolution Comparison (cont.) -
. Table ILJ.T02 Dissolution Results for BuSpar® 5 mg, Capsule vs, Tablet Forms f
" BuSpar® 5 mg Capsules, Lot No.-9C18038 (Test Batch), manufactured on 2/17/99 at the Mayagtez, Puerto Rico facility
Capsule No. 1 2 3 4 5 6 ] 8 9 10 n 12 Mean | %RSD | Max Min
Time : 'g
10 1 T . 106 3 —_—
i i 1 L L
20 ) PR ) 106 3
1 L 3 1 4 3 3
30 ; ST T T T o 105 3
1 3 e i 3 :
45 — 1 104 3 "
1 [ W 1 L 1 L L 1 1 L. 1
BuSpar® 5 mg Tablets, Lot No. 9D16972 (Reference Batch), manufactured on 3/23/99 at the Mayagez, Puerto Rico facility
Tablet No. 1 2 .\ 3 ‘4 5 6 7 8 9 10 1] 12 Mean | %RSD | Max Min
Time i
10 o T e i 97 4 - b
1 A i 4 I 1 1 . -
20 —_— 99 2 T
1 ] 1 l | ] 1 .
30 99 3
O e amme e e e 4 $
45 —_ 98 3 —
2 ' f A 4 A L
i
: \' ry



1. DrugProduct

J.  Dissolution Comparison'(c'ont.:')'-: ;

T :
| Schematic I1.J.S01 DissolutionGraph for'BuSnar@ S mg, Capsule vs. Tablet Forms
i ) ' . 1 )
| 120
I
100 A
‘ 0
s ‘o0
B ¥ |
| © :
! i
2
i l | |
06 | - g
b | 10 5 " w0 ' s
Time (min) I
:l * [—e=Capsuies —=—Tablots —Spaelleﬂ |
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| |
II. DrugPro

J.  Dissolution C!ompa_rison (co

duct

!

‘Thble ILJ.T03 Dissolution Results fo

i
i
v

nt)

I
)

10 m

ule v

BuSpar® 10 mg Capsules, Lot No. 9C14476 (Test Batch), manufactured on 2/17/99 at the Mayaglez, Puerto Rico facility

Capsule No. 1 2 3 4 5 6 7 8 9 10 11 12 | Mean | %RSD | Max Min i
Time !
10 _ o 106 2 | 109 103
20 l* l ‘06“ ) 2 h ——
1 1 [ I ! .
30 105 2 —
—_ i - } — -t - —
45 o 104 2 _—
. j - A A A ) L A A A A - 1
BuSpar® 10 mg Tablets, Lot No. 9F14340 (Reference Batch), manufactured on 6/14/99 at the Mayaglez, Puen?o Rico facility
Tablet No. 1 2 E) 4 5 6 7 8 9 10 11 12 Mean | %RSD | Max [[ Min
Sy . o :
Time
10 c T T —_ 93 2 —
1 L 1 1
20 — 99 2 —
L 1 L [ .
30 — 99 1 —_—
L L L [\ 1
45 98 2 -
1 L [ 1 ']

690
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I
J.

! “ ‘
o \ g i |
i. i
3 !
: !
4 i l 1
Drug Product \' :
|! | I '
Dissolution Comparison (cont.) |
Schematic il.J.SOZ DissolutionGraph for BuSpar® lO}mz. Capsule vs. Tablet Forms
i |
| 120 ; ' i
100
20 ] Y Jl
|-l
&
, © ‘
_L ; :
ol . . -
0 8 o s 20 5 30 =3 © ™
i ‘ o ', o Time {minutes)
. ‘ : (o= Tablets —8-Cepwies —— Speciication|
,
\ Y
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Drug Product .
- 1. Dissolution Comparison (cont.) ‘g o b C“"‘ T
t
' . ; ' . ' \ {
Table IL.J.T04 Dissolution Results for Bu ar® 15 mg, Ca '
BuSpar® 15 mg Capsules, Lot No. 9C13694 (Test Batch), manufactured on 2/17/99 at the Mayagtlez, Puerto Rico facility
Capsule No, 1| 2 -3 4 5 6 7 8 9 0 [ n 12 Mean | %RSD | Max Miq
Time z
10 —_— 107 2 ’
1 L i i 1 1 } I 1 1 1
20 -_ 106 2 .
[ I L I I 1 1 1 { L ] ! 07 2 . S
30 —_— ! —
. 1 1 —t 4 i | l i L 1 i i —
45 10§ 2
1 1 I i A i 1 1 1 | 1 1L
BuSpar® 15 mg ’l}ablm. Lot No. A9J096A (Reference Batch), manufactured on 1721799 at the Mayagtez, Puerto Rico facifity
Tablet No. 1 2 3 4§ 5 6 7 8 9 10 11 12 Mean | %RSD | Max Min
Time : i
10 i o o T 92 s -
i 1 i 3 1 - ? — — § L i L i{
20 1 L L L I 1 L l03 ‘ 2 L . i
30 S 104 2 —
1 } L | 1 } | i 1 l L | ]
45 -— 104 "2 _—
1 1 1 1 1 1 ! L ]



H. Drug Product

i

J.  Dissolution Comparison (cont.) } :
| Schematic 11.J.503 DissolutionGraph for BuSpar® 15 meg, Capsule vs. Tablet Forms - !

!
'

120

100

40

0 5 . 10 15 20 28 0 3 4 45

Time {minutes ' .
I—O-leim -8 Capsules -—-Spoclll:atlonl . : \

.o
. I i
o
. . i . :

cL0
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J.  Dissolution Comparison (cbnt_.) |

Table 1L.J.T0S Dissolution Results for BuSpar® 7.5 mg Capsules

| BuSpar® 7.5 mg Capsules, Lot No. 9C14482, manufactured on 2/17/99 at the Mayagtez, Puerto Rico facility T '
Capsule No. 1 2 3 a | s 6 7 8 9 ] 1 12 | Mean | %RSD | Max | Min
10 i — Y104 3 —_—
- ' 1 i i ! ] ]
20 —_— {104 3 —_—
3 ) 1 1 ’ 1 1 1 1 | I . 'l |
30 o o - o " 103 3 —
4 e B o —— } : 1 Jore |
45 T ) —_— 102 3 e 7 H
1 L L L iy 3 ' [ L L 1 i J
» .
t
. |
] I
| | e
L !
-2 |
(L) ' ry
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J. ' Dissolution Comparison (cont.) _ | ]

' . . ; J i

120

100 -

% Oissolved
-]

40

o s 10 15 20 2 3 s 4 4

i Time (minutes
I —~&—Capsules —— Speciiicstion
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Buspirone total AUC (ng/mi-hr)

CLINICAL PHARMACOLOGY & THERAPEUTICS
VOLUME 63, NUMBER 6

" 30 -

20 A

10 4

Buspirone C,,, (ng/ml)

) — O'J r T —
Placebo ~ Verapamil Diltiazem

L

40

20

oJd ¢ +~— —_

Placebo Verapamil " Diltiazem
Fig. 2. Individual C,,, and AUC values of buspirone in nine
healthy subjects in placebo, verapamil, and diltiazem phases.
Dashed line indicates the only female subject (she was using

oral contraceptives).

* AUC(1-19) or Cpyyy of verapamil and the ratio of the
"~ AUC(0-=) of buspirone in the verapamil phase to the

AUC(0-») of buspirone in the placebo phase. Similarly,
the correlations between the AUC(1-19) or Cy,,, of dilti-
azem and the corresponding buspirone AUC ratio were
not significant. )
Pharmacodynamics. The results of the pharmacody-
namic tests are shown it Fig. 3 and Table IL The subjec-
tive overall drug effect showed a significant difference
between the verapamil and placebo phases (p < 0.05) and
between the diltiazem and placebo phases (p < 0.05).
There were no other significant differences between the
placebo.and verapamil or diltiazem phases in the phar-
macodynamic tests. Side effects of buspirone were
reported more often in the verapamil (five subjects) and
diltiazem (nine subjects) phases than in the placebo
phase (two subjects), with the difference between dilti-
azem and placebo being statistically significant (p < 0.05
by the McNemar test). The side effects resolved sponta-

Lamberg, Kivists, and Neuvonen 643

Subjective drug effect {VAS; mm)

o -

Subjective drowsiness (VAS; mm)

[}
o
L

E
o4

o J

1 2 3 4 5 6.
Time (hr)
Fig. 3. Upper panel, Subjective drug effect (as millimeters;
based on scores from a 100 mm visual analog scale [VAS]

and expressed as changes over predose baseline value) after
10 mg oral buspirone and after pretreatment with verapamil

0

(80 mg Li.d’; solid circles), diltiazem (60 mg tid.; solid tri-
" angles), or placebo (open circles). Lower panel, Subjective

drowsiness(by visual analog scale [VAS]) after verapamil
(solid circles), diltiazem (solid triangles), or placebo (open
circles). Each point is the mean value for nine subjects at the
corresponding time; error bars have been omitted for clarity.

“neously within I to 3 hours in each case and none of the

subjects discontinued the study because of side effects.

- DISCUSSION

This study shows a threefold and sixfold increase in
the total AUC of buspirone in healthy volunteers after
five doses of verapamil or diltiazem, respectively, with
the effect of diltiazem being significantly greater than.
that of verapamil. The C,,,, of buspirone was affected
by verapamil and diltiazem to the same extent as the

- 093



644 Lamberg, Kivists, and Neuvonen

CLINICAL PHARMACOLOGY & THERAPEUTICS
JUNE 1998

Table II. Results of bharmacodynamic tests presented as incremental or decremental AUC values after 10 mg oral
buspirone, given 1 hour after fifth (last) dose of pretreatment with placebo, verapamil (80 mg), or diltiazem (60 mg)

three times a day in nine healthy volunteers

Test Variable Place_bo (control) Verapamil phase Diltiazem phase
-DSST - AUC(0-4) (digits~hr)- 2062259 3291385 3462359
- AUC(0-8) (digits - hr) 40.2 £ 519 7142739 590718
CFFT AUC(0-4) (Hz - hr) 25224 42+2.1 59243
AUC(0-8) (Hz - br) . 59245 78263 109+84
Drowsiness (VAS) AUC(0-4) (mm - hr) 266+260 40.0 £ 429 34.6 £ 509
R AUC(0-8) (mm - hr) 459 +61.7 79.6 £ 125 3732130
Drug effect (VAS) AUC(0-4) (mm - hr) 3741259 62.6 £28.3* 83.7 + 18.8¢
AUC(0-8) (mm - hr) 484 2 35.1 7732490 . 98.8°£303*
Sway, eyes open AUC(0-4) (mm/min - br) 77.32 140 5712135 1032155
AUC(0-8) (mm/min - hr) -107 £ 276 90.7 £ 204 5.8 £325
Sway, eyes closed AUC(0-4) (mm/min - hr) -171 £324 ~170 £ 404 55 £ 269
o ’ - AUC(0-8) (mm/min - hr) 420 £ 656 —446 £ 753 17 £ 466

.. Data are meas values 2 SD. DSST, Digit Symbol Substitution test; CFFT, Critical Flicker Fusion test; VAS, visual analog scale; AUC, area undeg the effect versus
tire curve above (drowsiness, drug effect, sway) or below (DSST, CFFT) baseline from 0 to 4 hours or from O to 8 hours.

*p < 0.05 versus placcbo phase.
1p < 0.01 versus placebo phase.

total _AUC. A considerable between-subject variability

- was evident in the extent of both interactions. Although

the only female subject in the study seemed to have a
smaller interaction than the male subjects (she also used
oral contraceptives), no conclusions regarding possible
gender-related differences or role of oral contraceptive
steroids can be drawn from this study. The pharmaco-
kinetic interactions were associated with only minor
impairment of psychomotor performance; however, an
increased frequency of side effects was observed after
busplrone in the diltiazem phase.

“Buspirone has been reported to undergo oxldatwe

- metabolism in the liver,!6-1% but the specific CYP
enzymes involved in its biotransformation in human

beings remain to be identified. However, several lines

of evidence strongly suggest that CYP3A4, which is -
- abundantly expressed not only in the liver but also in

the gut wall,!9-2! plays a major role in the presystemic
metabolism of buspirone. First, like many substrates of
CYP3AA4, buspirone also undergoes exteasive first-pass
metabolism, resulting in a bioavailability of about 5%.5
Second, two prototype CYP3A4 inhibitors, ery-
thromycin and itraconazole, have been shown to greatly
increase plasma buspirone concentrations.”-Finally, in
the present study, verapamil and diltiazem, both known
inhibitors of CYP3A4,10.11 considerably increased the

. Cioax and AUC of buspirone.

The elimination ty, of buspirone was not affected by
either verapamil or diltiazem. Because it is not likely that
the volume of distribution of buspirone would have been

altered by verapamil or diltiazem, these data seem to -

indicate that the systemic clearance of buspirone remains
largely unchanged by verapamil and diltiazem. It is
therefore réasonable to assume that the interaction of
buspirone with verapamil and diltiazem resulted almost
solely from inhibition of the (CYP3A4-mediated) first-

_ pass metabolism of buspirone in the gut wall and liver.

However, both verapamil and diltiazem may increase
hepatic blood flow,22 and the possibility that this effect

“could contribute to the reduction of first-pass metabo-

lism of buspirone cannot be excluded.
Diltiazem has been shown to increase the AUC of
orally administered midazolam!® and triazolam!!

nearly to the same extent as that of buspirone in the pre-

sent study. However, unlike the t, of buspirone, the t,,
values of midazolam and triazolam were significantly
prolonged by diltiazem;10.11

With the exception of the overall drug effect and fre-
quency of side effects, no significant differences
between verapamil or diltiazem and placebo were
observed in the pharmacodynamics of buspirone. Sim-

modest in our previous study despite the very hxgh bu-

_ ilarly, the effects of 10 mg buspirone were relatively .

spirone concentrations caused by itraconazole.” T

The intensity of a pharmacologic response is propor-
tional to the logarithm of the drug concentration.
Accordingly, the present interactions were more pro-
nounced in the pharmacokinetics than in the pharmaco-
dynamics of buspirone. Furthermore, buspirone causes
less sedation and impairment of psychomotor perfor-
mance than benzodiazepines.2-5 The pharmacodynamic
effects of benzodiazepines may therefore be better

1
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t

xcﬂected in the classic psychomotor tests than those of ‘

buspirone. Accordingly, the overall drug effect was the
only pharmacodynamic variable showing increased
effects of buspiront .fter verapamil or diltiazem.

.

In conclusion, verapamil and diltiazem considerably N

. increased plasma buspirone concentrations. Although

the clinical significance of these interactions is not clear
from the present study, they may predispose to
increased side effects of buspirone. Buspirone should
therefore be used with caution in patients taking ver-

* apamil, diltiazem, or other inhibitors of CYP3A4.

‘We thank Mr. Jouko Laitila, Mrs. Kertts Mirtensson, Mrs. Eija

Mukinea-Pulli, and Mrs. Lisbet Partanen for skillful technical assis-
tance and determination of plasms drug concentrations.
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E;'fccts of Vérapéﬁiil and diltiazem on the B
pharmacokinetics and pharmacodynamics o
- of buspirone o |

Background: Buspirone has an extensive first-pass metabolism, which makes it potentially susceptible to
drug interactions. The aim of thu ttudy was to investigate possible interactions-of buspirone wnth verap-
.amil and diltiazem.
Methods: In a randomized, placebo-controlled, three-phase crossover study, nine healthy volunteers received -
cither 80 mg verapamil, 60 mg diltiazem, or placebo orally three times a day. On day 2, after the fifth
dose, 10 mg buspirone was given orally. Plasma concentrations of buspirone, verspamil, and diltiazem
.wmdemmmednpto18honn,mdthe£ecuofbnspnonewmmmmdnpm8honn. : i
. Results: Verapamil-and diltiazem increased the area under the buspirone plasma concentration-time cnrve """"
[AUC (0--0)] 3.4-fold (p < 0.001) and 5.5-fold (p < 0.001), respectively. The peak plasma concentration -
e of buspirone was increased 3.4-fold (p < 0.001) and 4.1-fold (p < 0.001) by verapamil and diltiazem, .
respectively. The effect of diltiazem on the AUC(0-=) of buspirone was significantly (p < 0.05) greater -
than that of verapamil. The elimination half-life of buspirone was not changed by verapamil and dilti-
azem. Of the six pharmacodynamic variables, only the subjective overall drug effect of buspirone was sig-
nificantly increased with verapamil (¢ < 0.05) and diltiazem (p < 0.05). Side effects of buspirone occurred
more often (p < 0.05) with diltiazem than with placebo. o
Conclusions: Both verapamil and diltiazem considerably increase plasma bnspu-one concentrations, proba-
bly by inhibiting its CYP3A4-mediated first-pass metabolism. Thus enhanced effects and side cffects of
" buspirone are possible when it is used with vmpuml diltiazem, or other inhibitors of CYP3A4. (Clin
. Pharmacol Ther 1998;63:640-5.) '

Tomm.l S. Lamberg, MB Kan T Kivisté, MD, and Pertti J. Neuvonen, MD

= Helsinki, Finland _ . : T
- Buspirone is an azapirone anxiolytic agent! that causes known. However, itraconazole and erythromycin, which

less sedation and'impairment of psychomotor perfor- are potent CYP3A4 inhibitors, increased the total area

mance than benzodiazepines.2-5 Afier an oral dose, bu- under the concentration—time curve (AUC) of buSpuone

- spirone is almost totally absorbed, but its oral bicavail- 19-fold and 6-fold, respectively.”

ability is only about 5% because of extensive metabolism The calcium-channel blocking agents vaapamxl and

during the first pass.$ The specific CYP enzymes involved - diltiazem are inhibitors of CYP3A4 and they can increase

in the biotransformation of buspirone are not currently - ~ plasma concentrations of, for example, orally adminis- ~

- B o tered triazolam, midazolam, and cyclosporine (INN,
S . ciclosporin) &1 Because buspirone seems to be suscepti-

. T ble to interactions with CYP3A4 inhibitors, we wanted to
F'“"'“l'.h‘l.b.:"w “l.l.gmu" My of  investigate the effects of these calcium channel blocking
Supported by a grant from the Helsinki University Ceatral Hospital ‘agents on the plasma concentrations and effects of bu-

 Research Fund (Helsinki, Finland). © . spirone in healthy volunteers.
Received for publication Sept. 24, 1997; accepted Jan. 20, 1998. . ' '
Reprint requests” Kari T. Kivistd, MD, Departmeat of Clinical Phar- MATERIAL AND METHODS _
—pacology. Usivenity of Hetrinkl, Haartmagisiam 4, FIN-002% Subjects. Nine healthy volunteers (eight men and
Copyright © 1998 by Masby, Inc. ' : one woman; age range, 22 to 26 years; weight range, -
0009-9236/98/35.00 + 0  13/1/89029 ' -~ 551092 kg) participated in this study. All fubjects were
640
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‘considered to be healthy on the basis of medical his-

tory, phys:cal examination, electrocardiographic find-
ings, and routine laoratory tests before entering the
study. None of the subjects used any other medication
during the study, except for one woman who was using
oral contraceptive steroids (20 ug ethinyl estradiol

[INN, ethinylestradiol) plus 150 ug desogestrel). All____

volunteers gave their written informed consent.

Study deésign. The study protocol was approved by the
Ethics Committee of the Department of Clinical Phar-
macology, University of. Helsinki, .and the Finnish
National Agency for Medicines. A randomized, placebo-

controlled, crossover study design with three phases was-

used. The phases were separated by 2-week washout
periods. The subjects received five doses in total of 80
mg verapamil (80 mg Verpamil tablet, Orion Ltd., Espoo,

Finland), 60 mg diltiazem (60 mg Dilzem tablet, Orion -

Ltd.), or placebo orally three times a day (at 8 AM, 1 PM™,
and 8 pM). On day 2, each subject was administered a
single 10 mg oral dose of buspirone {one 10 mg Buspar
tablet, Bristol-Myers Squibb, Espoo, Finland) with 150
.ml water at 2 PM (i.c., 1 hour after the last dose of pre-

- treatment). The volunteers fasted for 2 hours before bu-

spirone intake and had standard meals 3 and 6-hours after
buspirone administration. The use of alcohol, coffee, tea,

cola, and grapefruit juice was not allowed during the test - -

days; tobacco was also forbidden.

Blood sampling and determination of plasma drug
concentrations. On day 2, a forearm vein in each vol-
unteer was cannulated and timed blood samples (10 ml
each) were drawn into tubes that contained ethylenedi-

aminetetraacetic acid before buspirone administration .

and 4, 1, 14,2, 3,4, 5,6, 8, and 18 hours later. Plasma
was separated within 30 minutes, divided into three

_tubes, and §tored at ~40° C until analysis of drug con-
centrations. Plasma buspirone concentrations were
- determined by use of a capillary gas chromatographic

method involving solid-phase extraction and nitrogen-
phosphorous detection.!2- Zolpidem was used as an
internal standard. The limit of quantification was 0.1~
ng/ml. The between-day coefficient of variation was
2.8% at 2.3 nglml (n =9). Plasma verapamil and dilti-

. azem concentrations were determined by HPLC as
" described previously.13.14 The limit of quantification

was 2.0 ng/ml for verapamil and 5.0 ng/ml for dilti-
azem. The between-day coefficient of variation was
6.5% at 19.0 ng/ml (n = 9) for verapamil and 4.0% at
24.7 ng/ml (n = 6) for diltiazem.

Pharmacokinetics. The pharmacokinetics of bu-

_spirone were characterized by the peak plasma concen-

tration (Cpy,). time 10 Cayy (tmgy)» AUC(0-8) and
AUC(0<=), and elimination half-life (t,;). The terminal

Lamberg, Kivisto, and Neuvonen 641
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: Fig. 1. Upper panel, Plasma concentrations of buspirone in

nine healthy subjects (mean + SE) after 10 mg oral buspirone
and after oral pretreatment with verapamil (80 mg t.i.d.; solid
circles), diltiazem (60 mg ti.d.; solid triangles), or placcbo
(open circles). Lower panel, Plasma concentrations of ver-
apamil (solid circles) and diltiazem (solid triangles) in nine
healthy subjects on day 2. Time O refers to the administration -
of buspirope (i.e., 1 hour after the last [fifth].dose of ver-
apamil or diltiazem). Error bars were omitted for clarity.

log-linear phase of the plasma-buspirone concentra-
tion=time curve was identified visually for each subject,”

.and the climination rate constant (k,) was determined

by a linear regression analysis, with use of the last three

" to five points of the plasma concentration-time curve.

The elimination t,, was calculated from the equation:
Elimination t,, = ln2/k,
The AUC values were calculated by the linear trape-

‘zoidal rule, with extrapolation to infinity by dividing

the last measured concentration by k.. The pharmaco-

. kinetics of verapamil and diltiazem on day 2 were char-

091



Lamberg, Kivisto, and Neuvonen

CLINICAL PHARMACOLOGY & THERAPEUTICS
IUNE 1998

Table 1. Pharmacokinetic variables of 10 mg oral buspirone, given 1 hour after the fifth (ast) dose of pretréatmc,m
with placebo. verapamil (80 mg), or diltiazem (60 mg) three times a day in nine healthy volunteers

Variable "Placebo (control) Verapamil phase Diltiazem phase
"Cinax (ng/ml) 26x10 88+79* 103 £3.5*
Relative to control 1 34 ' R 8|
- ey (W01 (0.5-1.5) 1 (0.5-5) 1 (0.5-3)
Elimination t,, (hr) . 24+ 06 26210 ) 33213
Relative to control - . 1 1.2 14
AUC(0-8) (ng/ml - hr) 63223 2181187 3112142
Relative to control 1- o K 33 ] . 50
AUC(0-s) (ng/ml - hr) _ 69+£25 243+192* 36.8'% 15.2*¢ -
Relative to control 1 34 : 55
. Data are mean values 2 SD; t,, data are given as the median, with the range is parentheses.
- Coas» Peak plasms concentration; Ly, time to reach C,,; (.,.hlfbfe.AUC(O-&)uumdum: ,‘ plasms tration-time curve from 0 to 8 hours;
AUC(O«-).mmdalh:huswme Wmhmmuﬁmﬂ ’ ’
*p < 0.00] versus placebo phase. . _
tp < 0.05 versus verspamil phase. -

acterized by Cpn,, and AUC(1-19), that is, the AUC

from 1 hour after the last dose of verapamil or dilti-
azem up to 19 hours..
Pharmacodynamic measurements. The pharmaco-
'ynamic effects of buspirone were measured immedi-
ately after each blood.sampling (up to 8 -hours) by six

tests.!S The volunteers had been trained to properly per- ~
form the tests before the study began. In the Digit Sym-

bol Substitution test, the number of digits correctly sub-
stituted in 2 minutes was calculated. In the Critical
Flicker Fusion test, the frequency (hertz) at which a

- - flickering red light gave an impression of a constant

light was measured. Horizontal, 100 mm long visual
"analog scales were used to measure subjective drowsi-
ness and subjective overall drug effect. In the postural
sway test, the mean speed (in millimeters per minute)
of the subject’s mass center was measured. The speed

was recorded for 30 seconds with eyes open and there-

. after 30 seconds with eyes closed, with use of a
swaymeter (Erikois-Elektroniikka Ltd., Orimattila, Fin-
.land). For each pharmacodynamic variable, the incre-

mental (drowsiness, overall drug effect, and postural
sway) or decremental (Digit Symbol Substitution test -

and Critical Flicker Fusion test) area under the effect
" “versus time curve (i.c., area above or below baseline)
from 0 to 4 hours [AUC(0-4)] and from O to 8 hours
{AUC(0-8)] was calculated by the linear trapezoidal

rule. The volunteers were asked about possible side -

effects of buspirone 1, 2, and 3 hours after buspirone
administration.

Statistical analysis. Results are given as mean val- -

‘ues = SD, or, in the case of ty,,, a5 median with range.
The pharmacokinetic variables of buspirone and the
AUC(0-4) and AUC(0-8) values for the pharmacody-

—namic variables between the three phases were com-

pared with a one-way ANOVA, with the Tukey test used
for post hoc comparisons. The Wilcoxon test was used
--for analysis.of tg,, data. The level of statistical signifi-
cance was p < 0.05. The statistical program Systat for

~ Windows, version 6.0.1 (SPSS Inc., Chicago, 1ll.) was

used for statistical analysis.

RESULTS

Pharmacokinetics of buspirone. Verapamil and dil- -

tiazem considerably increased plasma buspirone con-
centrations. Verapamil increased both the mean
- AUC(0-e0) and C,,,, of buspirone 3.4-fold (p < 0.001)
compared with placebo (Fig. 1; Table I). After dilti-
azem administration, the mean buspirone AUC(O-ee)
and C,,, values were increased 5.5-fold (p < 0.001)
and 4.1-fold (p < 0.001), respectively (Fig. 1; Table I).
The AUC(0-) of buspirone was significantly (p <
0.05) greater.in the diltiazem phase than in the vera-
pamil phase. The elimination t,; and t,,,, of buspirone
were not significantly affected by either verapamil or
diltiazem. There were considerable between-subject
differences in the extent of both interactions (Fig. 2).
For example, the increase of the AUC(0-+0) of bus-
pirone ranged from 1.9-fold to 6.4-fold in the case of

verapamil and from 3.3-fold to 7.4-fold in the case of

diltiazem. The extent of the interaction in the only
female subject who used oral contraceptives was, if
anything, smaller than that in the other (male) subjects
(Fig. 2). )
Concentrations of verapamil and diltiazem. The
AUC(1-19) values for verapamil and diltiazem varied 4.2-
fold and 3.1-fold between individual volunteers, respec-
tively. There was no significant conclatio:: between the




